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PREFACE. 



The author^s book on ^^ House Drain- 
age and Sanitary Plumbing ^^^ published 
in 1882, in this Science Series^ did not 
include a discussion of the all-important 
question of how to dispose of the waste 
matters of the household in the safest, 
least disagreeable, most efficient and 
most economical manner, but it was 
promised by him that a future volume 
would be devoted to the " Disposal of 
Household Wastes ^ 

The manuscript for this volume was 
prepared in the spring of 1886. Por- 
tions of it appeared, as a series of 
articles, in the Chicago Inland ArcJii- 
tecty and were reprinted in the twelfth 
annual Eeport of the State Board of 
Health of Rhode Island. Some circum- 
stances over which the author had no 
control and the various duties of a 
busy professional life prevented the com- 
pletion of the manuscript for publica- 
tion in book form. 

268490 
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While the book as now offered to the 
public is not as complete as the author 
would wish to make it, particularly as 
regards illustrations, it is published in 
its present form at the urgent request 
of friends* 

It discusses, in language as free as 
possible from technical terms, the dis- 
posal of the sewage, and of garbage and 
ashes, chiefly from the householder's 
point of view. 

It has been the author's endeavor to 
give perfectly unbiassed descriptions and 
unprejudiced comparisons of the various 
systems which, at the present day, seem to 
offer a possible solution of the problem, 
supplementing the same with a few exam- 
'ples from his own practice. 

For any omissions, the author asks 
the kind indulgence of his readers, 
promising that these will be rectified in 
future editions of the book, if such 
should be called for. 

THE AUTHOR. 

New York, May 1, 1890. 
39 Union Square. 
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THE DISPOSAL OF 

Household Wastes. 



INTEODUCTORY KEMAEKS. 

It will be admitted by those who have 
given thoughtful consideration to the 
subject that, in the present state of 
sanitary science, it is one of the duties — 
and a most responsible duty — of those 
professional men who are devoted to the 
practice of sanitary engineering to create 
and keep up a general interest in the 
subject of household sanitation, to stir 
up an indifferent public to action, to 
impress it with the necessity of sanitary 
improvements, to educate it to appreciate 
sanitary preventive measures and to lead 
the way towards the undertaking of 
active and radical measures tending to 



improve the healthf ulness of habitation^ 
in city or country. That this should lot 
done without falling into the common 
error of -making exaggei^ated statements 
as to the dangers to health arising from 
indifference or negligence in the matter of 
household cleanliness, it is perhaps un- 
necessary to add. Sensational writing on 
health topics has, in my judgment, done 
a good deal of harm in the past. 

The question of the best methods of 
collection, removal and disposal of house- 
hold wastes, which I am about to discuss 
in the following pages, is of the ut- 
most importance to every w^U-regulated 
household. I have, for a number of 
years, studied this question closely, and 
I have watched with interest eveiy eflfort 
made to bring about a speedy solution of 
the sewage and garbage disposal prob- 
lem, and the following notes are intended 
to contain a plain statement of the pres- 
ent knowledge and practical experience 
on the subject. 

I will state, at the outset, that what I 
shall have to say will, perhaps, not contain 



anything radically new, nor any decidedly 
novel and original suggestions. Those 
who shall expect me to discuss and 
describe in the following pages some, 
novel patented system or "pet scheme" 
of my own for the purification of sewage 
will be disappointed, as I neither own 
nor have any interest in any such 
patent, nor have I any new invention to 
offer relating to the disposal of house- 
hold wastes, believing as I do that one 
cannot, as a rule, give unprejudiced ad- 
vice as consulting engineer while being 
pecuniarily interested in the success of 
any special system or appliance. 

The whole question will, at first blush, 
I admit, appear to many to be hardly an 
engineering topic. Indeed, much of 
what I shall have to say belongs to house- 
hold management and domestic economy, 
to social rather than to engineering 
science. The apparently simple problem 
of how to get rid of domestic refuse seems 
to present few difficulties which an in- 
telligent housekeeper could not master, 
and one wonders why it should require 
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tjie knowledge and skill of civil engineers 
to grapple with it. Yet, upon looking 
more closely into the question at issue, 
various difficulties will at once confront 
us. While the problem of how to dis- 
pose of refuse matters is still compara- 
tively simple in the case of small, isolated 
cottages and single farm-houses, it often 
becomes a troublesome puzzle in the case 
of large country houses, especially where 
they have an ample supply of water and 
where buildings are located closely to- 
gether, as is the case in many suburban 
places. These difficulties increase in the 
case of large institutions or groups of 
buildings where a great number of per- 
sons are crowded together, and, finally, 
in large cities and towns the sewage 
question assumes such enormous propor- 
tions . as often to require the combined 
knowledge, experience, judgment and 
skill of the engineer, the chemist and the 
agriculturist to deal successfully with 
the problem. 

If the definition formulated many 
years ago by Mr. Tredgold, and adopted 
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by the Institution of Civil Engineers, is 
true, that, ^Hhe profession of civil engi* 
neering is the art of directing the great 
sources of power in nature for the use 
and convenience of man/^ then the 
question which I propose to discuss is 
an eminently practical one, which to solve 
successfully is worthy of the best efforts 
of the civil engineer or of the specialist 
devoted to domestic and municipal 
sanitary engineering. 

The forces made use of by the engineer 
in dealing with the sewage and garbage 
disposal question are principally the 
• so called " elements^^ of the ancients, 
namely, water, air, earth and fire, to 
which should be added plant life and 
certain forms of minute organisms or 
bacteria, to which, according to recent 
investigations, certain changes of organic 
matters are largely due, and finally elec- 
tricity, which quite recently has been 
called into service in experiments relating 
to the purification of sewage. 

The principle, *^ Whatever is worth 
doing is worth doing well," is one pecu- 
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liarly applicablef to the whole question of 
the disposal of household wastes. It is 
the custom of some people to consider 
the whole subject nasty and offensive; 
hence it is often evaded and neglected by 
those who ought to know better. But to 
leave it in the state of neglect and in- 
difference in which we often find it, is 
to my mind vastly more nasty and disgust- 
ing, and, as every householder, in city and 
country, in the mansion and in the cot- 
tage, is confronted by it, it would seem 
advisable to face the problem squarely, 
and study carefully its various possible 
solutions. 

Definitiok op the Term " Domestic 
Eefuse." 

I shall, first, consider the meaning of 
the terms domestic refuse or household 
wastes. Taken in its broadest sense, 
domestic refuse consists of solid garhagey 
of the liquid and semi-fluid wastes or 
sewage and oi gaseous impurities. 

Solid garbage comprises three kinds of 
waste material, namely, first, animal and 
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vegetable matters; seocmd, mineral mat- 
ters; and third, misoellaneoas coarse 
rubbish. 

Organic refuse or kitchen ofPal is 
largely composed of t^ose animal or 
vegetable parts of food which are 
removed in preparing it for eating, such 
as potato parings, husks of <^rtain 
vegetables, cabbage leaves^ fruit peelings^ 
intestines of birds, etc., of portions of 
food left after cooking, and food rem- 
nants removed from the table, such as 
meat and fish bones, waste bits of birds, 
meat offal, kitchen grease, bones, fat, etc. 

The mineral matters consist of the 
incombustible remains of fuel, such as 
coal and wood ashes, cinders, clinkers, 
of house dirt, yard sweepings, small 
rubbish, and of miscellaneous dry refuse 
matter. 

The coarser miscellaneous rubbish con- 
sists of a heterogeneous mixture of every 
imaginable thing, such as dust, floor 
sweepings, litter, mud, broken bottles, 
oyster cans, tin cans, worn-out kitchen 
utensils, preserve jars, medicine bottles, 



14 



broken toys, old mattresses, straw, hay, 
old boots, baskets, pieces of matting, oil- 
cloth, carpet, wall-paper, leather, rubber, 
paper, pieces of cloth, bits of wearing 
apparel, hoop skirts, towels, napkins, 
shirts, sheets, stockings, rags, stones, 
clinkers, brick-bats, plaster, flower-pots, 
old crockery, broken glass, old iron, scrap 
tin, bones, hair, sticks, shavings, oyster 
and clam shells, etc. 

House sewage consists of water fouled 
by use in the householdj such as soapy 
and fatty slop-water, kitchen and laundry 
wastes, chamber slops, to which are often 
added solid excreta, urine, the flushing 
water used in the removal of liquid and 
solid excrements through a system of 
plumbing fixtures, etc., stable drainage 
and manufacturing wastes. 

The gaseous impurities comprise air, 
fouled by the process of respiration, by 
emanations and exudations from the 
skin and body, by perspiration, by the 
combustion of fuel, by noxious products 
incident to mostforms of artificial illumi- 
nation, by the processes of cooking and 
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washing, by exhalations from soiled linen, 
cast-off clothing, etc., accumulations of 
decomposing matters of all kinds, and 
occasionally bad gases originating in the 
drains, waste-pipes, traps and plumbing 
fixtures of a house. 

The removal of gaseous impurities is 
accomplished first, by removing all direct 
sources of bad air, and second, by ventila- 
tion, and since this may properly be con- 
sidered a separate and distinct subject, 
although of equal importance in domestic 
sanitation, I shall not in the following 
pages touch upon it. 

Generally speaking, the solid refuse, 
the garbage and ashes are either properly 
disposed of on the premises adjoining 
habitations, or else they are removed by 
scavenging. Liquid refuse or slop- water 
is disposed of on the premises where 
sufficient space is available, or else it is 
removed by sewerage. Human excreta are 
sometimes disposed of on the premises 
by admixture with garden earth or ashes 
or else removed in pails or tubs, all com- 
prising the so-called dry methods of re- 
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moval. As a rule, however, excreta are 
admitted into the house sewer and 
removed from the building by the water- 
carriage system. In this case they are 
either disposed of on the premises, 
generally by intermittent application to 
land, whereby they are rendered innoc- 
uous, and at the same time utilized in 
the cultivation of crops, or else removed 
and delivered into the sewer. 

From this it follows that it is obviously 
not sufficient merely to Collect and 
remove household refuse, be it solid or 
liquid. It is necessary, in order that no 
nuisance and no danger to health may 
arise, to dispose of all waste matters in 
the most economical, least disagreeable 
and safest manner possible. This ultimate 
disposal of waste matters is precisely 
what constitutes at times the difficult 
and vexed part of the problem referred 
to in the beginning. 

Additional questions arise • wherever 
houses are located close together, as in 
villages, towns or cities. Such problems 
are the proper removal of trade refuse 
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or manufacturing wastes; the purifica- 
tion of liquid wastes from industrial 
establishments; the disposal of garden 
refuse and of building rubbish from 
structures in course of erection; the 
cleaning and sweeping of streets and 
alleys, the flushing and cleaning of 
gutters and catch-basins, the removal of 
storm-water from roofs, yards, courts 
and areas, and from streets, the removal 
of snow from crowded thoroughfares, etc. 
All these are highly important branches 
of municipal sanitation, but they obvious- 
ly exceed the limits of this little book, 
and I must content myself with merely 
mentioning them. 

In cities, as we shall see further on, 
the question at issue practically resolves 
Itself into that of providing a systematic 
und regular garbage removal and of 
arranging a perfect system of house 
drainage and street sewerage. As a rule, 
both present, so far as the householder is 
concerned, fewer difficulties in closely 
built-up towns and cities, than where 
houses are scattered and located widely 
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apart. In the former iz^taisce the munrol- 
pality undertakes the removal and disposal 
of sewage and of garbage from the street, 
and the householder's duty is simply to 
deliver the garbage regularly to the 
street curb, and for the sewage removal 
to provide and build a well-arranged and 
properly laid house-drain. 

In the case of isolated houses in the 
suburbs or in the country, each individual 
owner is obliged to act independently^ 
and he will often encounter considerable 
difficulties in the disposal of the waste 
matters from his house. I shall, therefore, 
begin with the consideration of isolated 
habitations, and of these I shall consider 
first, small cottages and farm-houses, 
second, larger cottages and suburban and 
country residences, and, finally, larger 
buildings and institutions. If the needs 
of small as well as large isolated build- 
ings are thoroughly understood it will 
obviously be easy to follow the same gen- 
eral rules, or, if necessary, to modify 
them, so as to make them applicable to 
dwellings built closer together, as in 
villages and small towns. 
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I. 



ISOLATED COUNTRY HABITA- 
TIONS. 

1. Small Cottages and Farm-houses. 

Let us consider^ first, the treatment of 
the solid and coarser refuse of sm^ dwell- 
ings standing scattered and isolated in the 
country. Household refuse is always 
generated in the process of housekeep- 
ing; in fact, it is an unavoidable incident 
of human life. Therefore we must be 
prepared to find such refuse present, in 
moderate quantities, in even the smallest 
inhabited cottage. The majority of 
human beings, fortunately, feel instinct- 
ively, as it were, the necessity of remov- 
ing all cast-off matter from their premises. 
The of tener and the more regularly this 
removal is accomplished, the nearer do 
we succeed in maintaining in our homes 
that cleanliness which is one of the first 
virtues of the householder. A great 
statesman has once truly remarked that 
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all dirt and dust in our homes is merely 
" Matter in the wrong place." Accord- 
ingly, it becomes an imperative duty to 
accomplish its removal as thoroughly and 
as promptly as the means at our disposal 
will permit. The contents of swill barrels 
are always more or less subject to rapid 
fermentation and decomposition, and 
soon become not only highly offensive, 
but dangerous to health. This is particu- 
larly the case during hot weather. Hence, 
in summer time a daily removal is 
especially important. 

Garbage and Ashes. — With small 
cottages, farm-houses, mechanics' and 
laborers' dwellings, the management of 
both garbage and sewage is not a difficult 
matter. Instances are extremely rare 
where such scattered habitations are not 
provided with sufficient garden space to 
enable the farmer or laborer to return to 
the soil as manure the wastes from the 
household. It matters little whether the 
plot of ground attached to the house is 
arable or pasture land, a vegetable or 
flower or fruit garden. Each of these 
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may advantageously be cultivated by 
their owner. Moreover a good and 
thrifty housewife will soon learn the 
habit of saving the fat, lard, tallow or 
grease, either to sell it to the soap manu- 
facturer, or else to use it on her own 
premises in making soap. Much of the 
meat refuse and other swill can be dis- 
posed of as food for household animals, 
such as dogs or cats. Some of the refuse 
is taken up with avidity by chickens; 
finally, one or more swine, kept in cleanly 
surroundings — for it is a mistake to 
suppose that a pig is by nature not a clean 
animal — will dispose regularly of much of 
the remaining swill or kitchen refuse; 
other parts may, without difficulty, be 
dried and burnt in the kitchen range. 
Coarser refuse and many of the mattera 
contained in the above enumeration may 
be picked out and kept in a dry condi- 
tion, in an out-house, until some peddling 
junk-dealer arrives, who will always be 
glad to remove them. It appears, there- 
fore, that the garbage question is not at 
all a troublesome one, requiring only a 
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little intelligence and common sense 
management. 

Excreta of domestic animals and various 
other refuse, whatever this may be, may 
be dug into the ground, and thus every 
cause of a nuisance can be effectually 
removed. 

By a little considerate management of 
the range and fuel, securing a better 
combustion, the quantity of ashes and 
cinders can be kept down to a minimum, 
and if kept dry and absolutely free from 
admixture with organic refuse, ashes and 
cinders may be utilized to improve garden 
walks, or country roads, or to fill up low 
spots. 

Liquid Wastes or Slop- water — The 
disposal of the liquid sewage in small 
isolated houses can be equally easily 
accomplished, wherever a small vegetable 
garden, a lawn, a grape-vine trellis or an 
apple orchard adjoin the house. The 
sewage may, with advantage, be used to 
feed the plants and fruit trees and to 
irrigate the soil. The ruling principle 
should be to keep solid and liquid waste 
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matters as much as possible apart, as 
this will facilitate the disposal of both. 
The kitchen water, the soapsuds from 
washing, chamber slops, urine and other 
foul water, are easily disposed of, by 
daily distribution in the garden, either 
by surface irrigation or by sub-surface 
irrigation. Both methods are far pref- 
erable to the crude methods usually 
adopted, of discharging such liquids into' 
an open ditch, or into some neighboring 
water-course, brook or pond, or of retain- 
ing them on the premises by pouring them 
onto the surface of the ground, in front 
of the kitchen window, keeping the soil 
continually moist, and saturating it 
quickly with putrefying filth, or else by 
storing the slop- water in leaching or tight 
cesspools or pouring it into disused wells. 
The disposal of liquids by application to 
the garden, where they may be used to 
feed and nourish plants, is so easily man- 
aged in the case of small cottages or farm- 
houses, that it is a matter of wonder to 
find this method adopted in as yet com- 
paratively few instances. 
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The slops may be collected every day 
in a tight tank and carried by hand or 
carted in a wheelbarrow to the garden, 
and there used to water plants, shrub- 
bery, or fruit trees, or to cultivate other 
garden plants. Instead of by surface 
irrigation, the slop-water may be dis- 
charged into one or more lines of absorp- 
tion drains, consisting of common agri- 
cultural tiles, laid with open joints at a 
depth of from 8 to 10 inches below the 
surface. For the smallest cottage fifty 
feet of absorption tiles are sufficient, 
laid either in one or several lines, and the 
amount of tiles should be increased in 
proportion to the quantity of waste water 
from the household. 

The principal points of importance 
are that the sewage be applied to the soil 
while freshy and before it begins to 
decompose; that it should be applied in 
moderate quantities only, to prevent an 
over-saturation of the soil; that the sew- 
age be applied on or near the surface of 
the soil, within reach of the oxidizing 
influence of the air; and finally, that the 
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application be made intermittent, so as to 
give the soil after each discharge a 
chance to breathe, as it were, and to 
allow the finer solid particles to be ox- 
idized and destroyed. An easy method 
of accomplishing the disposal of slop- 
water where the house contains no plumb- 
ing fixtures, is to have near the house a 
hopper or receiver made of wood, of rust- 
less iron, or better, of earthenware, and 
provided with a strainer and a proper 
cover. From this a pipe may be carried 
under ground to the absorption tiles, and 
the sewage from the house may be carried 
to this hopper in a pail and discharged 
into it, thus sending a considerable vol- 
ume at one time into the absorption tiles. 

SouD Excreta. — The solid excre- 
ments are taken care of quite as readily 
and inoffensively by adopting an earth or 
ash-closet, in place of the usual privy, 
still so much en vogue, although long ago 
universally condemed by sanitarians. 

In the dry-earth system sufficient dried 
earth or garden loam, and sometimes 
coal ashes, are mixed with the excreta 
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to absorb all foulness, to keep down all 
odor, and to prevent putrefaction. Such 
earth-closets have been found to answer 
satisfactorily and form a simple and 
cleanly substitute for the common privy. 
Many kinds of earth-closets, from the 
plainest and most inexpensive to the 
most elaborate and complicated appa- 
ratus are manufactured. As a rule, the 
simpler the arrangement, the better. 

An earth-closet, if out-of-doors, should 
not be placed too far away from the 
house. The structure should be strong, 
substantial, with a good roof to protect 
it against rain or dampness, well lighted, 
well ventilated, preferably plastered* on 
the inside, so as to prevent exposure in 
cold weather, and not too much exposed 
to the rays of the sun. A carefully made 
and dry walk should lead to it from the 
house, and it is better to have the walk 
screened from view and from the pre- 
vailing winds. If the earth closet is 
placed inside of the dwelling the same 
precautions must be observed, which 
are taken in the case of water-closets. 
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Tue ventilation of the apartment is an 
important matter, and should receive 
careful attention. As a rule it is better 
to locate the earth-closet in an isolated 
or detached part of a building. While 
an earth-closet is inferior to the best 
water-closet, I have no hesitation in pro- 
nouncing it, if well taken care of, supe- 
rior to many water-closets as usually ar- 
ranged and kept. The excreta should 
be received in a movable wooden box, 
well tarred, or else in a galvanized iron 
pail, which must not be too large, and 
of such shape and construction that it 
can be easily carried. All parts of the 
earth-closet should be above ground and 
no vault or pit of any kind should be 
permitted. The receiving vessel should 
fit close up under the seat, and each time 
the closet is used, ashes or dry earth 
should be added as deodorizers. There 
can be scarcely any doubt about the 
economy, efficiency and convenience of 
such apparatus for small houses. 

The property of dry earth, of not only 
deodorizing, but also absorbing and 
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rendering harmless excreta of animals, 
has long been well known. Some diffi- 
culty has been experienced in cases 
where the earth was kept too damp by 
the urine. According to recent obser- 
vations, a much smaller quantity of 
earth is required for earth- closets if the 
separation of the liquids and solids is at 
once effected, which may be accomplished 
by intercepting the urine under the 
seat, and removing it by a separate waste 
pipe. 

The earth-closet is thereby more easily 
kept free from smell, and if properly 
used and well taken care of it can be 
located in an extension of a dwelling 
without becoming a nuisance. The dry 
earth manure ought to be removed at 
frequent intervals, and in summer time 
used in the garden attached to the 
country house. In winter time it may 
be dried in an out-house, and can then 
be applied over and over again. Ashes 
are sometimes used in place of earth, or 
else finely powdered charcoal, which 
latter is a well-known deodorizer. The 
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chai*coal may be applied by means of a 
mechanism similar to the one used in 
the earth-closet, and it is claimed that 
only about one-fourth the quantity will 
be needed. As charcoal is rather ex- 
pensive, this is an important consider- 
ation. Some claim that removal need 
not be so frequent in the case of charcoal 
closets, but this is, at best, a doubtful 
advantage. 

In houses of some more pretensions, 
where the earth-closets are located in an 
extension of the cottage, it may also be- 
come desirable to have a somewhat more 
convenient method of disposal of the 
liquids. A properly ventilated and 
trapped waste pipe may carry the waste 
from the kitchen sink, the laundry-tub, 
and, where the latter is provided, from 
the bath-tub, into a small receiving tank, 
located outside of the house, and placed 
below the depth to which frost usually 
penetrates. This tank may be a plain 
wooden box, or an iron or earthen tank, 
or else a tank built of brick-work. It may 
be emptied in the plainest kind of an 
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arrangement by hand, or else it may be 
discharged by an automatic device, such 
as a siphon, a tumbler tank or other 
mechanical appliance. It may be useful 
even in the case of small houses, to 
build some sort of a grease trap to pre- 
vent the grease from being discharged, 
and finally clogging the small absorption 
pipes. It is^ of course, assumed that the 
general topography of the lot is favor- 
able to such an arrangement; in other 
words, that there is not a slope from the 
garden, or absorption field, toward the 
house, in which case disposal by gravity 
becomes impossible. 

The question whether a small farm- 
house or laborers' cottage should be pro- 
vided at all with plumbing work, and 
above all whether it is wise to have an 
in-door water-closet, which in turn re- 
quires a system of service pipes and a 
service cistern, is largely one of conve- 
nience and comfort. The annoyance ani 
cost of frequent repairs, and the difficulty 
in country districts of getting a mechanic 
to fix such apparatus when out of order. 
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the danger of exposed pipes and traps 
freezing in mid-winter, or sometimes the 
lack of an abundance of water for flush- 
ing, or the necessity of raising it by 
pumping, all these are consideration* 
which may deter many from putting 
any plumbing work into their homes. It 
is undoubtedly much easier and simpler 
to deal with the sewage problem of 
cottages, if the strict separation of solids 
and liquids is adhered to. A water-closet 
in a house not only requires a larger dis- 
charge pipe than the usual waste pipe, but 
complicates at once the whole arrange- 
ment. That it can *be made quite safe, 
perfectly inodorous and inoffensive, it is 
not necessary for me here to assert. 
Those who have followed the recent im- 
provements in house drainage and 
plumbing work will know that it is pos- 
sible to select and fit up a water-closet 
in such a way as to make it in all respects 
satisfactory.* In point of cleanliness I 

* The reader is referred for further informa- 
tion to the author's two previous volumes in 
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think it certainly stands ahead of any 
other device. Its advantages are many, 
but its disadvantages under certain con- 
ditions ought not to be overlooked. If 
a water-closet is used in the house the 
solids should not enter the flush tank, 
for they would soon clog the siphon, or 
further on, the absorption tiles, but 
should be intercepted in a settling cham- 
ber and frequently removed. How this 
may be done will be explained later 
on in speaking of larger country 
houses. 

Privy Vaults, Manure Pits, Ash- 
heaps, Stables, Ba*rn-yards, Etc.— I 
do not feel called upon to refer at length 
to the disadvantages and dangers, from a 
sanitary point of view, of privies and vaults. 
The objections against them have been 
pointed out time and again, and are now 
80 well recognized that I think it is suffi- 
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cient to utterly condemn such devices as 
relics of primitive stages of civilization. 

Ash-heaps and ihanure pits, both com- 
mon adjuncts of most faim-houses, may 
be maintained in a tolerably good con- 
dition and free from offense by keeping 
them as dry as possible. Slops from the 
household should never be poured upon 
them. Ash-heaps should be frequently 
screened and all coarse cinders removed, 
which latter can be used to advantage in 
covering roads or walks, while the fine 
ashes can be used instead of dry earth in 
the dry closet. 

Much might also be said here about the 
proper cleanliness of bams and barn- 
yards, horse and cattle stables, dog ken- 
nels, poultry yards and similar out- 
houses of residences in the country and 
of farm-houses, but the few hinta thrown 
out may be considered sufficient. 

2. Larger Cottages, Suburban and 
Country Residences. 

We will now pass on to the considera- 
tion of the disposal of garbage and sewage 
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of larger cottages, suburban and country 
residences, seaside villas, mountain cot- 
tages and log cabins, etc. 

Garbage Disposal. — Concerning the 
garbage, much the same course may be 
pursued as in the case of smaller houses, 
the difference being only one of degree, 
for the quantity of refuse to be removed 
obviously increases with the size of the 
house. Even here, in the majority of 
cases, a removal to distant points is 
not required. 

A large part of the kitchen refuse may 
be disposed of by burning in the range, 
which satisfactory method can be em- 
ployed to greater advantage in larger 
residences, owing to the better oppor- 
tunity afforded of an almost constant 
fire in the kitchen range. Of course the 
burning of kitchen refuse should not be 
understood as meaning that the refuse 
should be thrown directly into the range. 
It must first be dried, which can be 
done conveniently by means of domestic 
garbage burners, without creating annoy- 
ing odors in the house. After it has 
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been thoroughly desiccated, the refuse is 
dumped into the fire and rapidly and 
completely consumed. 

Some of the swill may be used as food 
for domestic animals, other parts may be 
dug into the ground. In short, as long 
as there is sufficient garden space around 
the house, the need of removal from the 
premises rarely exists. All that is re- 
quired is to keep separate the liquid and 
the solid, the organic and the mineral 
refuse. Ashes and cinders, after being 
freed from coarser impurities, may be 
passed through a sieve and the cinders 
used to fill up low spots, or to improve 
walks, while the ashes may be utilized in 
an out-door earth or ash-closet. Wood 
ashes are sometimes sold to manufacturers 
of soap. Paper, litter, rags, etc., may be 
burnt up, and miscellaneous house-refuse, 
such as old tin, iron, leather, etc., dis- 
posed of to junk dealers. 

Sewage Disposal. — The sewage dis- 
posal, however, is often — indeed in most 
cases, and particularly when a house is 
occupied during all seasons of the year — 
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a much more puzzling problem. What 
shall be done with the more or less large 
daily volume of sewage, of a detached 
and isolated suburban or country house, 
not in reach of sewers, so as to avoid 
creating a nuisance either on one^s own 
premises or on those of the neighbors? 
This is a question of much interest to 
thousands of householders living in the 
better class of country or suburban 
homes, who are often compelled to 
meet the difficulties as best they can. 
The problem has long engaged the 
attention of engineers. While it may be 
possible that the best solution has not 
yet been found, several methods are in 
more or less successful use. 

Generally speaking, a detached country 
house, not in reach of sewers, can dispose 
of its sewage by one or the other of the 
following methods : 

1. It may discharge its sewage into 
an open surface ditch or gutter, remov- 
ing everything from the house, and 
carrying it into a distant sink hole or to 
some low spot where the sewage is 
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allowed to soak away and to evaporate 
slowly. This method, based on the prin- 
ciple of **out of sight, out of mind," is 
a very primitive one, and one that has 
not a single feature of merit. As a rule, 
such a system becomes highly offensive 
to the immediate vicinity of the house. 

2. The house drain may empty the 
sewage into a large open or leaching 
cesspool, which allows the liquids to ooze 
away through underground porous strata 
or through fissures and cracks in rocks. 
We shall see further on that this, al- 
though a very common method of dis- 
posal, is in reality one very dangerous to 
health, particularly so where the water 
supply is local, being derived from wells, 
cisterns or springs on the premises. It 
is a method utterly to be condemned 
as both unsafe and nasty. 

3. The drain may deliver the sewage 
from the house into a tightly-built cess- 
pool, provided with an overflow pipe 
carried into some ditch or water-course. 
This is a makeshift arrangement, which 
cannot ordinarily be endorsed. 
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4. The sewage may be emptied into 
an absolutely tight cesspool, without 
any overflow. This, as we shall see, is 
an arrangement permissible under cer- 
tain circumstances, or rather it may 
become a necessary evil, for it should be 
borne in mind that it involves a system 
of long temporary storage, and does not 
provide for immediate or nearly immedi- 
ate disposal, hence cannot be approved 
from a sanitary point of view. 
. 5. The sewage may be discharged inta 
some adjacent water-course, such as a 
brook, river, canal, or tidal estuary. This 
in many cases must be regarded as a 
very crude method; for, by pouring the 
filth into the nearest water-course, we 
simply remove the evil from one place to 
another, while we do not attempt to abate 
the nuisance. It is a method which, 
especially if the current is not rapid, and 
the volume of water in the river or 
stream is not large, may cause serious 
annoyance, particularly if adopted by a 
number of adjoining dwellings. 

6. The only available outlet is some- 
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times the ocean. The method of dis- 
charging sewage directly into the sea 
is limited to houses at or near the sea- 
shore; but it is seldom practicable or 
applicable even to these, as we shall see 
later. 

'7. The sewage may be disposed of 
on the premises or on some adjoining 
land, generally the former, either by 
application to land if the lay-out of the 
land and the soil are favorable, and if the 
area available for purifying the sewage 
is sufficient, or else by some process of 
mechanical straining and filtering. 

8. The sewage may be purified by 
chemical treatment — a method rarely 
adopted in case of isolated houses, owing 
to its comparatively high expense. 

Whatever method of disposal may be 
adopted, it becomes necessary to decide 
about it before arranging the house 
drainage system inside of a house, as the 
best arrangement of the main drain and 
its branches in the cellar or basement of 
a house will depend upon the direction 
in which the sewage tank will be con- 
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structed, or upon the location of the 
final outlet. 

The several methods enumerated above 
will be considered in the following some- 
what more in detail. 

a. Leaching Cesspools. — The most 
primitive form of cesspool is a hole dug 
more or less deep in the ground, into 
which sewage is continually poured, the 
expected result being that at least the 
liquids soak away into unknown under- 
ground recesses and disappear from 
sight. A cardinal principle, always to 
be observed, is to avoid stagnation of 
sewage as much as possible. In the 
leaching cesspool we have the worst 
possible example of stagnation and of ac- 
cumulation of putrefying filth on or near 
our premises. The great objections to a 
leaching cesspool are not only that it 
constitutes in itself an abominable nuis- 
ance, but that it unavoidably and iur 
variably pollutes the subsoil in the neigh- 
borhood of dwellings, contaminates the 
water supply, and renders the air which 
we breathe obnoxious by its exhalations. 
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If we consider for a moment that such 
isolated oountry dwellings and farm- 
houses, which are not in reach of sewers, 
also usually do not enjoy the benefit of 
a public water supply, but must derive 
their potable water from wells, cisterns, 
or springs on the premises, the full ex- 
tent of the evil and the force of our ob- 
jections become more apparent. It is, 
indeed, of the utmost importance that 
the local water supply of isolated dwell- 
ings be kept as pure and free from con- 
tamination as possible; but even sup- 
posing that water is introduced from the 
street supply, as is sometimes the case 
with suburban residences, the enormous 
evils of soil pollution and air contamina- 
tion remain. Where a public water supply 
is provided it is the universal experience 
that water will be used more lavishly in the 
household. The daily quantity of water 
thus befouled will become much larger, 
and the question of sewage disposal be- 
comes more troublesome on this account. 

Two thousand years ago, an old 
philosopher, Hippocrates, preached a 
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sanitary formula whicti has not been 
improved np to the preset daj, Becog- 
nizing the dangers to health resulting 
from neglect of sanitary precautions, be 
expressed his advice in the words ** pure 
air, pure water and a pure soil/' What, 
then, shall we say if some of our best 
architects at the present day persist in 
suggesting, as the most convenient and 
ready means of getting rid of the sewage 
of a country house, the adoption of a 
leaching cesspool ? 

I admit that in sparsely populated 
country districts, and for summer cot- 
tages occupied only during a few 
months, a leaching cesspool, located at a 
great distance from, and at a lower level 
than the house, may sometimes be used 
without causing any harm to the occu- 
pants of the house. As a matter of prin- 
ciple, however, sanitary science must 
condemn such devices in every case. If 
the principle is true, that we should 
speedily return all organic dirt and filth, 
to the earth, it should be carried out in 
auch a manner that the soil may accom- 
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plish the complete destruotiou of organiQ 
filth. We shall Bee, later ob, that this 
oan he done ouly near the surface of the 
soil) and hy application of the sewage, 
before it becomes putrid. In pouring 
our sewage into leaching cesspools we, on 
the contrary, bury all matter deep in the 
ground, remote from the cleansing and 
oxidizing effect of the atmosphere, of the 
purifying action of plant life, and of the 
help which is rendered by the low or- 
ganisms, called bacteria, in the process 
of nitrification and destruction of organic 
matter. Then, again, we lose sight en- 
tirely of the fact that often where a 
leaching cesspool cannot work any 
danger to our own house, our own well, 
or spring, it may pollute shallow or deep 
wells belonging to our neighbor's prop- 
erty or to adjoining estates. It is there- 
fore evident that, as habitations are built 
closer together, leaching cesspools be- 
come more and more inadmissible. If 
we are selfish enough to locate such a 
cesspool in the remotest and lowest 
corner of our own garden, entirely for- 
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getful of its immediate proximity td our 
neighbor's drinking water well, it is 
but perfectly proper that our health 
authorities should remind us that we 
have some obligations to fulfill against 
our neighbors. 

Occasionally such cesspools are built 
w4th the sides solid, leaving only the 
bottom loose for the escape of sewage, 
or in cases where they are originally 
open on the sides the pores soon clog, 
and the removal of the liquids takes place 
in a very imperfect manner, either at the 
bottom or by means of an overflow. 

b. Tight Cesspools. — Passing over 
now to the consideration of tight cess- 
pools, we find that they are built both 
with and without overflows. The for- 
mer arrangement may be considered a 
direct outcome of the leaching cesspool. 
While such a tight cesspool, with, over- 
flow located far away from the house, 
and with its overflow carried perhaps to 
some rapid stream, may be unobjection- 
able where but little water is used in the 
house, it constitutes in the case of 
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larger hoases a fearful nuisance, as the 
sewage, when removed, is already putrid. 
The alternative is a cesspool built abso- 
lutely tight and without overflow. Such 
a one avoids the pollution of the water 
supply, and also the contamination of 
the surrounding soil; it is, therefore, an 
arrangement much to be preferred to a 
leaching cesspool. Yet, its objections 
are many and serious ones. 

The object of all good drainage being 
to get rid of filth from the premises at 
once or else to dispose of it on the 
premises while fresh^ so as to be com- 
pletely taken up by vegetation and puri- 
fied by the soil, it is evident that a vast 
receptacle of accumulated filth cannot be 
considered a good device, from a sanitary 
point of view. The stagnating sewage 
within the walls of the cesspool under- 
goes a process of decomposition, and the 
gases g^erated are extremely unwhole- 
some, and often cause, by improper escape 
or by entrance into houses through the 
sewer pipes, a nuisance. To ventilate 
such a cesspool successfully is rather a 
difficult and often an impossible matter. 
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To overcome some of these objections, 
it is the habit of some architects and 
builders of country houses to use two 
cesspools, delivering into the one all 
water-closet wastes, while the other one 
is intended for the reception of kitchen, 
bath, basin and laundry water, and is 
usually constructed with open sides and 
bottom. I do not approve of such an 
arrangement. The wastes from bath- 
tubs, wash-basins and laundry-tubs, if 
oozing from a leaching cesspool, pollute 
the soil, although perhaps not so quickly 
and to such an extent as an open cess- 
pool receiving water-closet drainage. 
Practically, it is found that, after awhile, 
the foul contents of both cesspools do 
not differ much as regards the degree 
of putrefaction and offensiveness of their 
contents; nor can I see any sense in 
duplicating or multiplying the dangers 
which adhere to all cesspool arrange- 
ments. 

There are some cases where no good 
feasible way of dealing with sewage may 
be found, other than to run it into a 
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tight cesspool. In that case the foUoWr 
ing precautions are to be observed: It 
should be located as far away from the 
house as possible, and there should be a 
proper disconnection between the house 
drain and the cesspool. The latter 
should be built in two compartments, 
the first of which constitutes an inter- 
cepting chamber for the solids, while the 
second and larger chamber will receive 
the liquids. Both chambers should be 
built thoroughly tight, of hard burned 
brick, laid in hydraulic cement, prefera- 
bly of a circular shape, and. the walls 
should be well rendered inside and out- 
side with Portland cement. Each 
chamber should be arched over and 
topped with a manhole covered with a 
tight iron cover.* The cesspool should 
at all times be well ventilated, and 
must be emptied, cleaned and disin- 
fected at frequent intervals. The sep- 
aration of the liquid from the solid 
matter facilitates much the disposal of 
both. The liquids may be baled, or, 

* See Appendix. 
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better, pumped out, and used to sprinkle 
and irrigate the lawn, or a kitchen 
garden, shrubbery or vine trellis. The 
solids may be removed and dug as fer- 
tilizers under the soil. The oftener 
this is done the better, and the less 
offense will be caused by the application 
of sewage to land. 

Some objections to a cesspool always 
remain. If it is built, as it should be, 
absolutely tight, and of moderate size 
only, to avoid the retention of too large 
a volume of sewage, then the necessity of 
frequent pumping arises, and with it the 
annoyance of constant attention, expense, 
and of manual labor. If, on the other 
hand, we enlarge the dimensions of the 
cesspool, to avoid the frequency of pump- 
ing out, we increase the dangers always 
resulting from stagnant sewage, and cre- 
ate, as it were, a large gasometer for 
noxious gases. 

c. Discharge ixto Water-courses, 
Rivers, ais^d Tidal Basins. — Where a 
stream of running water of large volume is 
available, a single house may discharge its 
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sewage directly into it, trusting to the 
dilution of sewage and to the self-purifi- 
cation of the stream to render the sew- 
age innocuous. What is feasible for a 
single house is not, however, practicable 
for a number of adjoining isolated coun- 
try houses. The pollution of creeks, 
rivers and streams must be avoided, es- 
pecially so in those water-courses serving 
as a source of supply for potable water 
of villages and towns located along the 
banks of these streams, and from which 
canal boats or river craft draw their 
drinking water. The riparian dwellers 
must always suffer by direct discharge of 
sewage. The watering of cattle, the 
washing and bathing in the river, are 
thereby often rendered impossible, and 
a more or less great damage is done to fish 
culture, particularly when the sewage is 
discharged in a putrid condition. AVhile 
it is a well-known fact that some kinds 
of fish feed on fresh sewage matter, 
others, particularly salmon and trout, 
are very delicate and suffer much from 
the pollution of streams. 
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Channels with tidal flow shonld never 
receive sewage, for much of the solid 
matter will float up and down with the 
ebb and flow of the tide, instead of being 
removed. Offensive odors pervade the 
air, the banks will become defiled, the 
river beds will silt up, and the channels 
will be obstructed, 

d. Discharge into the Sea. — Al* 
though apparently a ready means of get- 
ting rid of sewage, this method is not al- 
ways practicable; for experience has 
demonstrated the unpleasant fact that 
floating sewage matter discharged into the 
sea may return to the shore with the tide, 
or by the action of eddies, currents, winds 
and waves. The sandy beaches become 
polluted, and the damage inflicted will 
interfere seriously with the use of the 
beach for bathing or recreation purposes. 
This method is only practicable where 
the sewage outfall from houses on the 
cliffs is carried far out into deep water, 
and all sewage matter carried away by 
some strong currents setting in at right 
angles to the sewage outfall. 
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e. PuRiPiCATioiir OP Sewage. — It is 
obvious, therefore, that in the majority of 
instances, house sewage cannot be direct- 
ly admitted into water-courses or streams 
of any kind, without creating a nuisance 
to sight, smell, or a danger to health. 
Sewage must, therefore, be purified by 
removing the suspended impurities, and 
at least a part of the matters in solu- 
tion. 

The purification may be effected either 
by artificial filtration, or by a chemical 
treatment, or by application of sewage to 
land. 

While it is only rarely possible to de- 
rive profit from the utilization of sewage, 
it is always possible to effect a purifica- 
tion to such an extent as to avoid the 
usual fouling of surface or subterranean 
water-courses. Wherever land can be 
obtained, the purification of sewage is 
best accomplished by applying it to the 
soil, and here I must call attention to the 
truly wonderful forethought of nature in 
providing the means for this purpose. 

We see in nature a constant round of 
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circulation going on. Take, as an exam- 
ple, water. Arising as a vapor from the 
ocean, and from large exposed surfaces of 
flowing water, it is carried along in the 
upper strata of the atmosphere by air cur- 
rents forming clouds, from which it is 
again precipitated upon the surface in the 
form of rain, snow, hail, or dew. A part 
of the storm- water, falling upon the sur- 
face of the earth, is immediately evapo- 
rated and returns to the clouds, another 
part flows off on the surface forming suc- 
cessively springs, brooks, rivers, streams 
— all flowing toward the great ocean, 
while a third part soaks into the ground 
and is partly absorbed by vegetation 
and partly forms underground streams of 
water with an incline towards some river, 
or else forms springs, which come out at 
the surface. 

A similar round is constantly going on 
between the animal and vegetable life. 
Plants are nourished and grow upon de- 
composed animal matter, and effect a 
change of those substances which might 
be dangerous, to animal life into harm- 
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less lood substances for the roots of 
plants. The same plants, perhaps, form 
the nourishment for man and animal, and 
are again discarded, to feed vegetation. 
The whole process of circulation has 
never been better described than in the 
words oi Mr. F. 0. Ward at the General 
Congress of Hygiene at Brussels in 1856. 
These words, quoted by if r. Edwin Chad- 
wick, the Nestor of sanitary science in 
England, in an address on " Circulation 
or Stagnation,^' are as follows: *'The 
water which falls on the hills in a state 
of purity, undergoes a natural process of 
filtration through sand, enters the rural 
collecting pipes, and passing through 
the aqueduct to the metropolitan distri- 
bution pipes, finds its way to every story 
of every house in the town; whence 
again, after having supplied the wants of 
the inhabitants, it runs off, enriched with 
fertilizing matter, which it carries away 
before allowing it time to ferment. This 
manure, driven along irrigation pipes, is 
deposited in the soil, leaving the water 
to pass into drainage pipes, and flow on 
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to the rivers. The rivers conduct it to 
the ocean, where it rises as vapor under 
the heat of the snn, to re-descend as rain 
on the hills, enter again the collection 
pipes, and re-commence its vast and use- 
ful course of circulation," 

/. Chemical Treatment. ^A partial 
purification of sewage may be accom- 
plished by precipitating the suspended 
and a part of the dissolved impurities by 
means of chemical precipitants. Quite a 
large number of chemical processes have 
been invented, but none of them have 
attained any very extensive use. One of 
the most common processes consists in 
the addition of milk of lime to sewage. 
Much more effective than lime is the 
solution of sulphate of alumina, or a 
solution of perchloride of iron. Such 
chemical treatment, while not accom- 
plishing a very thorough purification, re- 
moves the impurities to such an extent 
as to permit a discharge into a tidal 
river or a large stream. 

In selecting a precipitant, preference 
should be given to one which accom- 
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pUsfaes the process of subsidence mth. 
rapidity, also to one which, produces a 
sludge of minimum bulk with maximum 
amount of solid impurities. In both re- 
spects, milk of lime ia inferior to the 
other named chemicals. 

A difficulty adhering to all chemical 
precipitation processes is the disposal of 
the sewage sludge. It usually contains, 
after precipitation, from 90 to 95 per 
cent, of water, and unless the latter is 
removed it soon decomposes and be- 
comes offensive. It has been suggested 
to evaporate this water by artificial heat, 
but the process is expensive. * Others 
have suggested the separation of the 
liquid matter from the solid by centrif- 
ugal machines. In some cases sludge 
is pumped directly from the precipita- 
tion tanks to land, where it is left ex- 
posed to the air, and when dry is dug 
into the ground. In some patented 
processes such chemicals are added 
which enable the manufacture of bricks 
or of cement from the sludge. More 
recently, powerful filter presses have 
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been used, wHich bffer very great advan- 
tages. By means of these the sludge is 
pressed into cakes, which may be sold as 
manure to farmers. 

Chemical treatment must at times 
be adopted where land is not available 
for purification purposes, or where its 
high price precludes any efforts to ob- 
tain an area sufficient for irrigation. It 
may be necessary, also, to resort to it if 
the soil is underlaid with ]:ocks. Chemi- 
cal precipitation may be combined with 
the application of sewage to land, in 
which case a much smaller irrigation or 
filtration area is sufficient. 

Chemical treatment, however, is not a 
method readily adaptable to single iso- 
lated dwellings. The process implies the 
construction and careful manipulation of 
tanks, the provision of suitable chemi- 
cals, the thorough mixing of the sewage 
with the chemicals and other items, all 
of which call for considerable expense, 
In the case of large institutions and 
hotels auch a system may at times be 
contemplated, where other methods of 
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purification cannot be adopted. What- 
ever the chemical treatment may be, it 
will be wise not to have too much faith 
in the realization of a largo commercial 
profit from the sewage . treatment. Far 
better to make the ultimate purification 
of the sewage the chief end in view. 
It is also well to remember that, in 
certain chemical processes, the effluent 
wat^r is of such a character that, if dis- 
charged into brooks or rivers, it may 
kill fish and injure fish -culture. Chlo- 
ride of lime is particularly objectionable. 
Sulphurous and hydrochloric acids are 
also said to be very hurtful. 

g. Artificial Filtration. — I shall 
not consider here the question of artificial 
filter beds, for, to my knowledge, such 
a system has never been used in the 
United States in connection with the 
sewage from houses. I desire simply to 
refer to a very ingenious mechanical 
filter invented in England, and known as 
the Farquhar-Gldham filter. The chief 
characteristic of this machine is the re- 
volving cutter, which is so arranged that. 
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whenever the surface of the filtering 
medium clogs up with the sewage 
sludge, it can be removed by said cutter 
in a few moments, and practically a new 
filter established. This may be repeated 
as often as desirable. I have not per- 
sonally used this filter for the purifica- 
tion of sewage, but I understand it is in 
use at a country house at Seabright, 
New Jersey, and elsewhere. I have con- 
siderable faith in the working of this ap- 
paratus, and where I would not be de- 
barred from using it on account of ex- 
pense, I should think it would form a 
successful solution of the problem of 
sewage purification for larger country 
houses, wherever no system of application 
to land is possible. The best filtering 
material for such a filter is sawdust, 
which, when removed, can be readily 
utilized to fire up the boilera needed for 
the pumping apparatus. 

h. Subsidence. — All attempits at sew- 
age purification by simple subsidence 
have proved a failure. By collecting 
house sewage in subsidence tanks, which 
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are usually nothing but cesspools, we 
effect merely a partial and very imper- 
fect clarification, consisting in the set- 
tlement to the bottom, of the heavier 
particles of sewage. The resulting efflu- 
ent is of a very foul character, and the 
difficulty of disposing of the same re- 
mains. 

i. Application" to Land.— Wherever 
suitable land is available, the application 
of the sewage to the soil forms the best 
solution of the problem of sewage dis- 
posal. The conditions of successful ap- 
plication are a sufficiently large area of 
suitable, absorbent, well-aerated, proper- 
ly prepared and thoroughly under-drained 
soil. 

I may add to these conditions another 
one, namely, the proper and judicious 
management, careful and equal distribu- 
tion, and before all the intermittent ap- 
plication of the sewage to the soil, which 
latter is absolutely required to insure its 
thorough aeration. 

The land selected for the purification 
of the sewage should not be located too 
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near to the dwelling. In particular, if 
wells are used for domestic water supply, 
it should be kept at a safe distance from 
these, the exact measure depending not 
so much on the configuration or slope of 
the surface, as upon the inclination of 
the underground geological formations 
and strata. 

We may distinguisli several systems, 
namely, broad sewage irrigation, sub-sur- 
face irrigation, and intermittent down- 
ward filtration. The Keport of the Boyal 
Commission on Metropolitan Sewage 
Discharge defines ** broad irrigation as 
the distribution of sewage over a large 
surface of ordinary agricultural ground, 
haviug in view a maximum growth of 
vegetation, consistent with due purifica- 
tion for the amount of sewage supplied/^ 
The same report speaks of intermittent 
downward filtration as **the concentra- 
tion of sewage at short intervals on an 
area of specially chosen porous ground 
as small as will absorb and retain it, not 
excluding vegetation, but making the 
produce of secondary importance." 
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In the system of broad irrigation the 
sewage flows principally over the land, in 
the system of intermittent downward 
filtration it passes through the land. 
Sub-surface irrigation is a modification of 
the filtration system, which I shall de- 
scribe further on. 

Broad irrigation requires very large 
areas of land, and the land must not 
be continuously flooded, so that, in order 
to manage an irrigation farm successful- 
ly, it is at least advisable to have a piece 
of fallow land, and to distribute the 
sewage on different portions on alterna- 
ting days. By passing sewage through 
a properly prepared filtration area, we 
may effect the purification of a much 
larger volume, provided we maintain an 
intermittent discharge, so as to secure 
thorough aeration. 

In all methods of application of sew- 
age to land it is advisable to intercept at 
least the coarser suspended organic mat- 
ters contained in sewage. 

The irrigation field must in all cases 
be properly and thoroughly under- 
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drained. The preparation of the surface 
of the land should be simple and inex- 
pensive, and will depend somewhat upon 
the general topography of the field, as 
well as upon the vegetation which it is 
intended to raise from sewage. It is al- 
ways important that the sewage be dis- 
tributed evenly, and in as fresh condi- 
tion as possible. We may distinguish 
various systems, such as the catch-water 
system, the pane and gutter system, and 
the ridge and furrow system; the latter 
is used principally where vegetables are 
grown, such as mangles, cabbages, or in 
the case of osiers. Where grass is grown on 
irrigated land the latter should be treated 
in the same manner as where meadows 
and pasture laud are laid out for irriga- 
tion. Much the best plan to secure an 
intermittent discharge, and to avoid an 
irregular and trickling flow, is to collect 
the sewage first in a self-acting flush 
tank. 

Wherever possible, the sewage should 
be conveyed to the latter by gravitation, 
and the land for sewage irrigation should 
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be selected accordingly. Occasionally, 
however, pumping becomes necessary, 
and this may be accomplished either by a 
turbine, a wind-mill, a gas engine, hot 
air engine, or a steam pump. 

k. Sewage Disposal by Sub-subface 
Irrigation. — If I dwell in the following 
more at length upon the details of the 
system of sewage disposal by sub-sur- 
face irrigation, it is because I regard it 
as the system par excellence for the dis- 
posal of liquid and semi-liquid wastes of 
isolated country houses. It has long 
ago attracted public attention, and has 
in recent years been taken up by the 
best sanitary engineers ; for more than 
any other method it promises the entirely 
successful solution of the problem of 
sewage disposal for isolated houses. It 
certainly recommends itself, owing to the 
peculiar facilities for disposing of sewage 
without creating an offense to sight or 
smell, while it is well known that open 
irrigation becomes in many cases exceed- 
ingly objectionable in close contiguity to 
mansions or dwellings. The origin of 
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the system is usually attributed to the 
Rev. Henry Moule, Vicar of Fordington, 
the inventor of the earth-closet. He 
looked upon it as the best solution of 
the slop-water disposal question for 
cottages where the earth-closet system 
has been introduced. According to Mr. 
Edwin Chadwick, sub-surface irrigation 
had previously been tried independently 
and systematically on a large scale by 
Mr. Charpentier, a French vine grower, 
near Bordeaux. He states that the re- 
sults which the latter obtained with 
vines and fruits, as well as with market 
garden produce, were most satisfactory. 

The system would probably never 
have grown to its present popularity had 
not Mr. Rogers Field, Mem. Inst. C. E., 
recognizing the desirability of inter- 
mittent action, invented his automatic 
flush-tank, and applied the same suc- 
cessfully to the disposal of liquid house- 
hold wastes. His first experiments 
were made at some laborers' cottages, 
belonging to his own estate at Sbenfield,in 
Essex, England. Since then, sub-surface 
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irrigation has been adapted to all possible 
conditions and has given such, satisfac- 
tion that it is now considered admirably 
adapted to isolated houses not in reach 
of a sewer, but having sufficient ground 
about them with favorable lay of the land. 
It is well known that Col. Geo. E. 
Waring, Jr., was the first to try this sys- 
tem in this country, about 15 years ago. 
Finding that it worked satisfactorily in 
the case of his own residence in New- 
port, E. I., then not in reach of a sewer, 
he adopted it afterwards with success for 
the disposal of sewage of suburban resi- 
dences, and on a larger scale for the 
purification of sewage at the Women's 
Reformatory Prison, at Sherburne, 
Mass., the Keystone Hotel at Bryn 
Mawr, Pa., and at Lenox, for the sewage 
of the whole village. Since a number of 
years the system has been extensively 
applied by the writer and other sanitary 
and landscape engineers, and by a few 
progressive architects, for the disposal 
of sewage of isolated country houses or 
institutions liberally supplied with water 
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and plumbing appliances, but not within 
reach of sewers. 

The system is based upon the well 
known fact that the well aerated layers 
of soil next to the surface — the sub-sur- 
face — possess in a high degree the power 
of destroying organic substances buried 
in them, by nitrification and oxidation, 
aided during a part of the year by vege- 
tation, and assisted at all times by mi- 
nute organisms or bacteria. The latter 
play an important part in the round of 
changes in nature. *'They are,^* says 
Tyndall, "by no means purely useless or 
purely mischievous in the economy of 
nature. They are only noxious when 
out of their proper place. They exercise 
a useful and valuable function as the 
burners and consumers of dead mattery 
animal and vegetable, reducing such 
matter with a rapidity otherwise unat- 
tainable to innocent carbonic acid and 
water. Furthermore, they are not all 
alike, and it is only restricted classes of 
them that are really dangerous to man. 
One difference in their habits is worthy 
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of special reference here. Air, or rather 
the oxygen of the air, which is absolutely 
necessary to the support of the bacteria 
of putrefaction, is, according to Pasteur, 
absolutely deadly to the vibrios which 
provoke butyric acid fermentation.'* 

I lay particular stress upon the im- 
portance of distributing the sewage close 
to the surface of the soil at a depth not 
exceeding ten or twelve inches. Aeration 
is a conditio sine qua non of the whole 
system. At greater depths oxidation and 
purification become very much slower, 
until they finally cease altogether. The 
subsoil is not able to effect a complete 
purification of sewage, as the oxidizing 
influence of the atmosphere does not so 
freely reach it. It is the layer of earth 
next to the surface, the sub-surfacey which 
acts on the sewage. Hence the name of 
the system is derived, and it is an error, 
committed quite frequently, and to which 
I have more than once called attention, 
to call the system " subsoil" irrigation. 

Only when sewage is distributed close 
to the surface are the organic matters in. 
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it -peLTtlj taken up as nourishment by the 
roots of plants, and partly reduced and 
destroyed by the bacteria in the soil, 
wherever sufficient oxygen attaches to 
the particles of the soil near the surface. 
The liquid sewage, freed of its coarser 
impurities, soaks away into the porous 
ground, and thus becomes still more clar- 
ified by filtration, so that, when removed 
by deep under-drains, it is generally 
found to be quite clear, colorless, free from 
taste or smell. By arranging an inter- 
mittent discharge, the upper layers of 
the soil are enabled to take up, during 
intervals between discharges, oxygen, and 
prepare for the next discharge, while the 
ground is prevented from becoming 
saturated, wet and swampy. 

There is a radical difference between 
such a system and a loose or leaching 
cesspool. With the latter the amount of 
soil used for purification is quite small 
as compared with the former, where the 
surface can be adapted in proportion to 
the amount of sewage to be disposed of 
which is not feasible with a cesspool. 
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We all know that even a leaching cess- 
pool, when newly built and first used, 
accomplishes some purification of the 
sewage which oozes out at its pores. Af- 
ter some use, howeyer, its pores clog up, 
and the soil around the cesspool becomes 
saturated with sewage matter undergo- 
ing, in the absence of oxygen, a yery 
slow process of decomposition. Sewage 
soaks away unpurified, polluting our 
springs and wells, and the unwholesome 
gases generated taint the ground-air, 
are giyeft off at the surface, and enter 
our houses, and thus a leaching cesspool 
soon becomes a nuisance and a standing 
danger to health. 

L Details of the Sub-surface Irri- 
gation System.— The sub-surface irriga- 
tion system consists essentially of two 
parts : firsts an absolutely tight recepta- 
cle, or sewage tank for liquid household 
wastes, including the contents of water- 
closets; second^ a network of common 
two-inch distribution drain tiles, laid a 
few inches below the surface of the 
ground with open joints, so as to permit 
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the liquid to ooze out at numerous 
points. This network of pipes buried 
in the ground constitutes the irrigation 
field. 

As stated heretofore, it is an impor- 
tant condition to insure the successful 
working of the system, that the dis- 
charge of the sewage from the sewage 
tank to the irrigation field be intermit- 
tent^ and that, instead of a constant drib- 
bling stream from the tank, there be a 
powerful rush of sewage in a big volume, 
so as to secure an even distribution and 
the filling up of all pipes. It is, to say 
the least, desirable that the discharge 
does not occur more frequently than 
once a day. The soil of the field should, 
preferably, be gravelly and porous. All 
tight clay soils and ground liable to 
dampness should be properly under- 
drained by deep land drains. The sub- 
irrigation field should not be located too 
near a house, where there is abundance 
of land favorably located to permit the 
sewage to flow away by gravity. As a 
precaution, some attention should be 
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paid, in locating the irrigation field, to 
the direction of the prevailing winds, al- 
though, as a matter of fact, a properly 
working irrigation field is quite inodor- 
ous. The tiles may be, and in practioe 
often are, laid under the well-kept lawns, 
adjoining summer residences. Where 
the water supply is derived from wells 
or springs, the field should not be loca- 
ted near these. 

In discussing the disposal of slop- 
water of farm-houses and cottages pro- 
vided with earth-closets I have already 
referred to this system, and described 
it in its simplest application for the 
purification of slops, and I shall consider 
it here mainly in its application to larger 
country houses, provided with water- 
closets and with a full system of plumb- 
ing fixtures. 

As regards, first, the preparation of 
the sub-surface of the field, this is accom- 
plished as follows: Common two-inch, 
porous agricultural tiles, one foot long, 
are laid about eight or ten inches below 
the surface on continuous boards, or, bet- 
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ter, in gutters of earthenware, laid ac- 
curately in the trenches at the required 
grade. Should the tiles ever clog up, it 
is easy to take them up, to clean them, 
and to re-lay them in. the gutters — an 
operation easily performed by a common 
laborer. It is important that the tiles 
should haye at each joint a space of 
about one-quarter inch to facilitate the 
oozing out of the sewage. Small earthen 
caps are placed over each joint to protect 
it from dirt or earth falling from above. 
It is not necessary to give to the absorp- 
tion tiles a greater fall than about two 
or three inches per hundred feet; for, if 
laid at too steep a grade, the sewage will 
rush to the lowest level and saturate that 
part of the irrigation field. It should be 
noted that much of the success of the 
system depends upon the accuracy with 
which the distribution tiles are laid. If 
practicable, the tiles should be laid in 
parallel lines abou t five feet apart. They 
should branch out from the bottom of 
the main carrying conduit, and special T 
or Y branches are manufactured for this 
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porpoae. Tbe main dmin sbotild be laid 
at least two feet deep, and liie two-inch 
branches ehonld be cemented until they 
strike the proper depth of eight or ten 
inches. The main drain conducting the 
sewage from the Audi tank to the irriga- 
tion field £hoald be four inches in diam- 
eter^ and can be laid with as much 
fall as the lay out of the land will 
require, but where it iq)proaches the ab- 
sorption field its fall should be limited to 
four or six inches in one hundred feet, 
to preyent the sewage from running to 
tiie lower part of the field, overcharging 
the lower line of drains. 

The number of feet of tiles which it is 
necessary to lay will depend upon the 
quantity of sewage delivered each day 
from the house, and also upon the po- 
rosity and general character of the soil 
of the absorption field. Wherever the 
soil consists of a heavy clay or is liable 
to be wet or swampy it is absolutely nec- 
essary to thoroughly under-drain it by a 
complete system of agricultural tiles laid 
at a depth of four or five feet, removing 
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and discharging the purified sewage, as 
well as any excess of moisture.* 

It was my original intention to illus- 
trate the system quite fully, and to sub- 
mit various designs of flush tanks, but to 
do so would require much more space 
than is at my disposal, and a few hints 
regarding the construction of the flush 
tank must suffice. 

Flush tanks for sewage disposal are 
best built of brick, laid in hydraulic ce- 
ment mortar, and made perfectly water- 
tight. An important and most necessary 
precaution to prevent the clogging of 
the siphon or the equally annoying fre- 
quent stoppage of distribution tiles is to 
build in connection with the flush tank, 
and between the house and the latter, an 
intercepting chamber or grease trap, in- 
tended to intercept all solids, undissolved 
paper and fatty waste matters of the 
kitchen. Such a chamber is, in a certain 
sense, a cesspool, although differing from 
the ordinary objectionable device of this 
kind, in having its liquid contents fre- 

* See Appendix. 
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quently changed, and in being built of 
small size. The emptying and cleaning 
of this chamber must, of course, not be 
neglected. Much of the solid matter and 
paper, etc., is reduced by maceration and 
decomposition, and flows dissolved by 
water into the liquid sewage chamber. 
The oyerflow pipe connecting both must 
dip well below the surface of the water 
leyel in the first chamber, in order to 
prevent scum or grease from overflowing 
into the flush tank. 

The flush tank proper should be built 
generally circular in shape, and of a size 
to hold one day^s volume of sewage.* 

The liquid wastes from the household 
are retained in this tank until it is filled, 
when its whole contents are suddenly de- 
livered into the main drain, and thence 
into the irrigation pipes, whereby all the 
rows of tiles are uniformly charged, and 
the whole of the absorption field is 
brought into use each time the tank is 
emptied. It is notable that, if the sew- 
age is discharged in a large volume 
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* See Appendix. 
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quite suddenly, it will ooze out not 
only at the bottom, but at the sides and 
top of each joint. The purification begins 
at once. The clarified liquid soaks away 
into the ground, the impurities being re- 
tained by the earth, where they are quick- 
ly destroyed. Air enters the pores of the 
soil and prepares it for future use, while 
the tank is gradually filling for the next 
discharge. 

The interval required between two 
consecutive discharges, the exact propor- 
tion between capacity of tank and size of 
house, between size of tank and number 
of feet of drain tiles, etc., are details 
requiring some judgment, skill and ex- 
perience. 

To discharge the flush-tank recourse 
may be had to various appliances. The 
simplest arrangement, but one which 
requires daily attendance, is to place a 
gate-valve at the outlet of the tank, 
which can be opened or closed by hand. 
An automatic device is preferable in 
many respects. This may be either a 
tumbler or tilting tank, or one of several 
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siphon devices now in the market. One 
of the simplest constructions of siphons 
is the annular siphon, as arranged by 
Eogers Field, C. D. 

Another automatic siphon of English 
make is the Adams siphon, which seems 
to operate satisfactorily. Other auto- 
matic siphon tanks are those of Bhoads 
and of Williams, 

m. Objeotioks against Sub-surface 
Sewage Disposal. — And now, having 
spoken so much in its favor, it is 
but proper that I should notice, and 
make mention of, the objections which 
have been raised, and which are at 
times brought forward both by profes- 
sional men and by laymen against the 
system. 

1, It is sometimes feared that the 
land into which the sewage is con- 
tinually poured will become saturated 
with sewage, its surface rendered wet or 
swampy, and the whole irrigation field 
converted into a large cesspool, spread 
out laterally instead of downward.* 
There is, however, absolutely no reason 
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to appreheiid such ttouble. "Wher- 
ever the soil ift not pororis,^ under- 
drainage k essential aaid must be pro- 
vided for. If properly carried ont, all 
superfluous moisture in the ground will 
be removed. Aeration is another es- 
sential condition, and wherever it is 
neglected the soil may become saturated 
with sewage matters. By arranging for 
an intermittent discharge, with intervals 
of at least twenty-four hours between 
consecutive emptyings of the flush-tank, 
the soil is given ample opportunity for 
aeration. This secured, oxidation atid 
nitrification, and the destruction of the 
organic particles attaching to the earth 
will follow with regularity. 

2. Much apprehension is often felt 
lest such a system will not work prop- 
erly in winter time, and fear is expressed 
that the ground about the absorption 
tiles may freeze. Experience with the sys- 
tem in the coldest parts of the New 
England States, wher^ the system has 
been in continuous use for many years, has 
fully removed any doubts on this point. 
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It is found by practical experience that 
the warmth of the sewage is sufficient tor 
keep the ground at the disposal field 
from f reezing.^ 

3. It is often objected that the inter- 
cepting chamber is in reality a cesspool. 
This is to a slight extent true, butnever- 
thelcKt I always adyise building it, using^ 
due precaution in its construction to 
make it perfectly tight. It should be 
remembered that the liquid sewage in 
the intercepting chamber is constantly 
changed, a large yolume of water passing 
through it every day. Although it 
retains organic waste matter partially 
putrefied, the amount is not to be com- 
pared with that in a cesspool. Some of 
the solid matter is reduced by macera- 
tion, and being dissolved passes into the 
liquid chamber, and is discharged by the 
siphon into the absorption drains. By 
cleaning the intercepting chamber once 
a month, the amount of solid putrid 
matter may be kept down to a minimum, 
consequently there will be little exhala- 
tion of gases, and as the water level 
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remains constant, the gases are not 
forced out as in the case of ordinary- 
cesspools. By proper ventilation the 
intercepting chamber can be kept quite 
free from ofEense. 

I should mention here that, owing to 
these objections, attempts have several 
times been made to do away with the 
intercepting chamber. But in all cases 
where water-closets are used and their 
contents discharged into the tanks, it 
becomes imperative to prevent the solid 
portions of the sewage from clogging 
the siphon or the tiles, 

I well remember an attempt made 
several years ago to do entirely without in- 
tercepting chamber by simply surround- 
ing the siphon with a double wire screen 
of coarse and fine mesh. The result was 
that in less than four months the tiles were 
entirely choked. The only alternative is 
to strain the solids. English engineers, 
among them Mr. Kogers Field . and Mr, 
Wm. Eassie, prefer a straining chamber. 
To quote Mr. Field : ' ' The distinguishing 
feature of this arrangement is that there 
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is no tank or depression for the sewage 
to collect in, but that the bottom of the 
chamber is on the same level as the 
bottom of the drain, so that the liquid 
sewage passes through the chamber 
without any obstruction. The intercep- 
tion of the solids is effected by two 
strainers, which consist of small upright 
iron rods fixed in an iron frame and so 
arranged as to be movable. The bottom 
of the chamber is constructed of concrete 
smoothly cemented and rounded, so as to 
form a sort of channel for the passage of 
the liquid, and to enable the solids to be 
more readily cleaned out. This bottom 
also has a rapid fall from the inlet to the 
outlet, which still further facilitates the 
rapid passage of the liquid. The sides 
are usually formed of brick- work and the 
whole is covered by a light wooden lid, 
opening on a hinge." In such an ar- 
rangement a man can easily remove the 
solids by scraping them up by means of 
a hoe over the edge and mixing them 
with dry earth. To prevent such a 
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chamber from becoming offensive, the 
solids should be daily removed.* 

Another arrangement suggested is 
that of having in a straining chamber a 
perforated pail or movable iron basket 
which intercepts all the solids, and which 
must be emptied daily. Of the two 
devices, the plain strainer appears to me 
far preferable. 

I have not yet tried the perforated pail 
device, but where, in the case of larger 
institutions, I have made use of the 
straining chamber in addition to the 
intercepting chamber, for the removal of 
coarser substances, I have found it to 
work well where I can rely implicitly upon 
daily removal. While the trouble in- 
volved in keeping the straining chamber 
clear and inoffensive is not large, it 
should be remembered that servants are 
proverbially neglectful, and the arrange- 
ment suggested, while applicable to 
larger sizes of flush tanks, such as are 



* The writer hae used snch a straining chamber witb 
snccess in connection with the sewage disposal works at 
the Middleton (N. Y.) Insane Asylum. W. P. G. 
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constructed for hospitals, asylums or 
institutions, is not one that I should 
recommend for single country houses, for 
it undoubtedly robs the system of one of 
its best features, namely, that of being 
automatic. If daily attendance is re- 
quired, it might be just as well to require 
the help to empty the sewage tank daily 
by opening a stop-gate, and thus do 
away with every kind of automatic 
siphon or other deyice, while retaining 
the features of intermittent discharge of 
a large, suddenly sent ofE volume. 

4, Ownersof country residences find an 
objection to the system in the necessity 
of emptying the intercepting chamber, 
claiming that this causes a nuisance. An 
answer to this objection might be that of 
the two evils of cleaning out a large ordin- 
ary open cesspool and the little intercept- 
ing chamber, the latter is far preferable. 
But then we forget that the same people 
who raise this objection would probably 
never see to it that their large cesspool is 
cleaned, paying no attention to it as long 
as the sewage runs off and out of sight. 
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5« It is objected that sometimes the 
tiles choke and must be taken up imd re* 
laid. I never deny the poseibility of 
such an occurrence, although this may 
only become necessary about every three 
years on the average. Supposing even for 
a moment that the tiles must be cleaned 
and re-laid each year, what little amount 
of labor, trouble and expense is involved 
in doing so, owing to their being laid in 
permanent gutters, and close to the sur- 
face. Compare this with the trouble and 
annoyance of having to empty and clean 
a disgusting overflowing cesspool at fre- 
quent intervals. 

6. The ground where the tiles are 
buried cannot be plowed, nor can heavy 
wagons drive over it without the risk of 
breaking or displacing the pipes. This 
objection cannot be denied, but it is at 
best a slight objection only. 

7. Many people object to the cost of 
the automatic siphon. However expen- 
sive such a siphon may be, this cannot 
be considered a valid and sound objec- 
tion against the system. As a matter of 
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fact, the annular siphon, at least in the 
case of isolated country houses does not 
cost very much. But, where this expense 
is objected to, the mistake should not be 
made of providing only one large over- 
flow pipe from the liquid sewage tank, 
from which a constant small stream drib- 
bles toward the irrigation field. This is 
a very imperfect and faulty arrangement. 
Only a short length of the tiles would re- 
ceive an almost constant trickling flow 
of sewage, saturating the ground around 
it to the surface, and keeping it in an 
unwholesome condition. Aeration, in- 
termittent action, oxidation,, powerful 
flushing,filling tilesunif ormly and wboUy, 
all these essential conditions would be 
absent. 

The only admissible arrangement, and 
one which I have adopted for smaller 
country houses, where the owners object- 
ed to the expense of a flush tank, and 
which may be considered often unobjec- 
tionable, is a sewage tank, provided with a 
large number of overflow pipes, all placed 
exactly at the same level in the tank — 
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not a very easy thing to do, by the way — 
and discharging simultaneously equal or 
nearly equal portions of the sewage into 
the various lines of absorption drains, 
thus securing a better distribution of the 
sewage. The tiles are likely to choke 
sooner than in the system with intermit- 
tent flush tank, since they lack the cleans- 
ing effect of a sudden rush of water from 
the tank. 

8. Another objection made refers to the 
cost of the work. The first expense is, of 
course, more than that for a cesspool, but 
the frequently recurring expense of clean- 
ing and emptying the latter soon make the 
sub-surface irrigation cheaper than the 
ordinary cesspool. For a small country 
house the whole expense should not ex- 
ceed $250, and for a larger country resi- 
dence it averages about $500. 

9. It is objected that the system is im- 
practicable in the case of very Zei?eZ ground, 
or where the lawn rises in the rear of the 
house, or where the soil pipe leaves a 
house at a depth below the cellar floor. 
Some concessions must, at times, be made. 
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of course, and in places where the avail- 
able fall is slight, no plumbing fixtures 
should be placed in the basement or cel- 
lar, and the soil pipe must leave the 
house as near the surface as practicable. 
In some cases it may even become neces- 
sary to build the flush tank in an embank- 
ment or an artificial terrace at the side 
of the house. By keeping the depth of 
water shallow, it may be possible to efl'ect 
a suitable arrangement. In extreme 
cases it may become necessary to lift the 
sewage, and this can be done by a variety 
of mechanical devices. Where a small 
air compressor may be operated in the cel- 
lar of the house, Shone's sewage ejector 
would appear to offer a simple solution of 
the problem. But whatever the difficulties 
may be, they can usually be overcome at 
a slight sacrifice, and need not be con- 
sidered objections to the system as 
such. 

10. The objection that the sub-surface 
irrigation system poisons the wells may 
be removed by simply locating the field 
away from wells, or, where it must be 
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close to a house, to abolish wells and 
depend on rain water collected in tight 
cisterns. 

11. Some think that it is impossible 
to purify sewage by turning it into agri- 
cultural drains below the roots of the 
plants. It is hardly worth while to con- 
sider such objection, as many years^ expe- 
rience contradict it. 

12. The system has received conde^m- 
nation because "sub-irrigation is a process 
faulty in principle as it feeds vegetation 
by the upward rising of moisture, accom- 
panied by evaporation with all the chill- 
ing influences which are so injurious to 
vegetation as well as to human beings. ^^ I 
can only answer that, so far as my obser- 
vation goes, practically no harm has ever 
been done to vegetation; on the contra- 
ry, sub-surface irrigation stimulates the 
growth of grass, of shrubbery, or of fruit 
trees. 

13. Where the irrigation field is under- 
drained, it frequently happens that at 
first the sewage leaks away too quickly, 
without being purified, at the points 
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where the distribution tiles cross the lines 
of the agricultural tiles. This can be 
remedied after a while when the trenches 
for the land tiles have settled down and 
become solidified. 

I believe I have mentioned all the criti- 
cisms raised against the system. I leave it 
to any intelligent observer to weigh their 
importance. While I do not wish to be 
understood as claiming this method of 
disposal as a panacea for all the evils at- 
taching to country house drainage, I 
hold that the system is an excellent one 
wherever suitable land, of suitable char- 
acter and size, and in proper location, 
may be obtained. 

n. Summary.— To review briefly what I 
have said about the methods of disposing 
of the sewage of isolated country houses 
not in reach of sewers: 

Such country houses can dispose of 
their liquid sewage in some cases by di- 
rect discharge into a stream, taking this 
word in its widest significance, or into 
the sea. As a rule, it is vastly better 
and in many cases absolutely necessary. 
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to subject the sewage to a system of puri- 
fication on the premises. Of systems of 
sewage purification, the one by applica- 
tion to land is preferable to mechanical 
filtration, or to chemical precipitation, 
which latter should only be resorted to 
where no land suitable for disposal is 
available. Of the methods of applying 
sewage to land, broad irrigation is the 
least favorable, as it requires a large area 
of land, and in* cases where the field is 
located close to the house it becomes ob- 
jectionable on account of possible noxious 
odors. Intermittent downward filtration, 
while requiring a much smaller surface, 
is yet open to the second objection made to 
broad irrigation. Far preferable to both 
methods is the sub-surface irrigation sys- 
tem, described at length above. In a few 
cases it may be necessary to adopt a 
tight cesspool, and to pump the liquid 
manure out for distribution upon land. 
This alternative should be resorted to 
only where all other methods prove ob- 
jectionable. 
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3. Labgb Buildings AND IirsTiTOTioNS. 

In the case of isolated large build- 
ings, snch as asylums^ hospitals, prisons, 
hotels, college buildings and educational 
institutions, both sewage and garbage 
disposal become more difficult problems. 

Oarhage Disposal. — Owing to the large 
quantities of garbage and refuse, it gen- 
erally becomes necessary to have the 
same removed with regularity from the 
premises. Pending this removal they 
should be stored in well-closed, tight, 
metallic vessels. In some cases, for in- 
stance, where the scavenger does not 
make a daily visit, fixed receptacles are 
used. Thoy are always inconvenient, and 
should be avoided when possible. A 
separation of the different kinds of waste 
matters is always desirable ; thus, bones 
and meat are often sold to manufactur- 
ers of fertilizers, swill is removed by 
market gardeners, fat is disposed of to 
manufacturers of soap. The chief point 
is to always insist upon frequency and 
promptness of removal. It may, in some 
instances, where removal cannot be satis- 
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factorily and regularly accomplished, be 
desirable to erect for an institution a 
separate garbage cremator. In sach cre- 
mators all kinds of refuse may be suc- 
cessfully destroyed and quickly con- 
sumed. The residue consists of hard 
burned clinker, which may be used as 
packing for roads and walks, or else may 
be ground into powder for use as mor- 
tar. Such garbage destructors may be 
erected in a convenient position near the 
institution, and since the gases are all 
made to pass over a fire, no nuisance need 
be feared. 

Sewage Disposal, — Regarding the dis- 
posal of sewage, various modes are of 
course available. The closets may be 
earth-closets, or else the removal of ex- 
creta may be accomplished by a pail sys- 
tem. The slop-water may, wherever 
land is obtainable, be applied to it by 
irrigation, sub-surface irrigation, or in- 
termittent downward filtration. Wher- 
ever the cost of the land precludes the 
possibility of obtaining an area sufficient 
for purification, sewage may be filtered 
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through an artificial filter. Wherever an 
extensive system of plumbing, including 
water-closets, is arranged in large insti- 
tutions, the whole of the sewage should 
be purified by irrigation or by sub-sur- 
face irrigation. The former method may 
be adopted if the irrigation field can be 
located at a distance from the buildings, 
and as it requires no underground dis- 
tribution tiles, to be laid with great care, 
it is somewhat less expensive than sub-sur- 
face irrigation. If the field must be in 
the vicinity of buildings it is better to 
avoid any nuisance to sight or smell by 
adopting a sub-surface irrigation system. 
In both cases the sewage should be col- 
lected in flush-tanks and discharged in- 
termittently. In the case of large flush- 
tanks and intercepting chambers it may 
become advisable to deodorize and disin- 
fect the sewage by an addition to the in- 
tercepting chamber of some chemical 
substance such as perchloride of iron or 
sulphate of alumina, to hasten the pre- 
cipitation of the solid matters. Where 
liquid sewage can be discharged without 
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nuisance into a large body of water, this 
method of removal is to be preferred to 
any local treatment. 

Many ioteresting descriptions of in- 
stances of the successful disposal of sew- 
age for institutions may be found in san- 
itary books, journals and health reports. 
My first intention was to give to the 
reader brief illustrated abstracts, but to 
do this would unduly increase the bulk of 
the volume, and I must content myself 
with a brief reference to the publication 
containing same. 

The sewage disposal system by sub^ 
surface irrigation at the Keystone Hotel 
at Bryn Mawr, Pa., and at the Women^s 
Prison at Sherburn, Mass., have been 
described by Col. George E. Waring, Jr., 
in his book, *' Sewerage and Land Drain- 
age. ^^* 

The same book gives a complete illus- 
trated account of the surface irrigation - 
system carried out by Col. Waring at the 
Norristown (Pa.) Asylum for Insane. 

Mr. F. S. Odell, C. E., describes the 

• Published in 1889 by D. Van Nostrand Co. 
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sewerage and the sub-surface irrigation 
sewage disposal works at the Lawrence- 
ville (N. J.) School in No. 352 (Feb., 
1887), Transactions of the American 
Society of Civil Engineers, 

In the eleventh annual Keport of the 
New Jersey State Board of Health its ef- 
ficient Secretary, Dr. Ezra M. Hunt, pub- 
lished an account of the sewage disposal 
at the Morris Plains Asylum for Insane. 

In the seventh annual Keport of the 
Massachusetts State Board of Health 
may be found a description of the sewage 
disposal works by irrigation at the 
Augusta (Me.) State Insane Asylum. 

The sewage disposal by surface irri- 
gation at the State Lunatic Hospital at 
Worcester (Mass.) is described in the 
annual Keport of that institution for the 
year 1879; 

The sub-surface irrigation system at 
one of the buildings of the Woodstock 
College, Canada, is described by Mr. 
Edm. Burke, architect, of Toronto, in the 
January, 1889, number of the Canadian 
Architect and Builder. 
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In the January, 1889, issue of the 
Philadelphia Builder Mr. George N. 
Bell, G. E.9 describes and illustrates the 
sub-surface irrigation system built by 
him at the Methodist Episcopal Orphan- 
age near Philadelphia. 

The disposal of sewage at the Massa- 
chusetts Eef ormatory, formerly the State 
Prison, at Concord, Mass., is described 
by William Wheeler, C. E., in a paper 
published in the seventh annual Report of 
the Massachusetts State Board of Health, 
Lunacy and Charity (1886). 

A few instances from the writer's own 
professional practice may prove interest- 
ing. The following are extracts from my 
Preliminary Report on Sewage Disposal 
for the Middletown (N. Y.) Homoeo- 
pathic State Insane Asylum, the system 
outlined being adopted and carried out 
in 1887 under the writer's immediate su- 
perintendence. 

Sewage Disposal at the New Tore State 
HoM(EOPATHic Asylum at MrooLETOWN, N. Y.— 
The important problem of how to dispose of 
the sewage and semi-liquid wastes in the 
most economical, safest and least disagreeable 
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manner, is one which always presents itself 
wherever a large number of persons are con- 
gregated together in one or more buildings 
located closely together. 

It is not necessary for me to dwell upon the 
relations existing between foul and decompos- 
ing waste matters from households, and cer- 
tain diseases of a zymotic character, or upon 
the dangers to health, resulting from imper- 
fect removal. or faulty disposal of such organic 
waste matters. I shall, therefore, at once take 
up the practical discussion of the question. 
It is also hardly necessary for me to point 
out that, whatever method of the disposal of 
the sewage be adopted, it should be one free 
from annoyance to sight or smell or otherwise, 
both to the institution and to the adjoining 
neighbors. Investigation shows that there are 
two ways in which the problem may be solved. 
One of these is to get rid of all the sewage 
from the buildings by removal through a main 
sewer, discharging into, and connecting with, 
one of the sewers in the village of Middletown ; 
the other is to dispose of the sewage on the 
premises. The first method would require the 
laying of a pipe sewer, probably twelve inches 
in diameter, if all the storm-water were in- 
cluded, and over one and one-fourth miles long, 
the acquisition of the right of way, the right 
to empty into the village sewer, etc. All this 
would involve a very large expense and there 
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seems to be no reasonable doubt that, if some 
method were available of disposing of the large 
amount of sewage on the grounds belonging tx> 
the asjlum, the latter method would be far 
simpler and less costly. 

Fortunately, the asylum buildings are so 
favorably situated on the crest of a hill as to 
allow of perfect drainage, and large areas of 
ground are available about the asylum, the 
location, topography and character of soil of 
which render them well adapted for use in 
connection with the purification of the sew- 
age. 

It is obvious that, considering the small 
volume of water in the creek at the rear of 
the asylum grounds, the sewage should not be 
admitted into it without previous purification. 

For the purposes of this report it seems 
unnecessary to describe at length all the 
various purification processes which are in 
more or less successful application. Broadly 
speaking, we may distinguish natural and 
artificial purification processes. The former 
methods consist in the application of sewage 
to land as liquid manure, while in the latter 
sewage is purified either by artificial (mechan- 
ical) filtration, or by subsidence, or finally by 
chemical precipitation. The experience which 
we have derived so far from sewage purifica- 
tion works in this country and in Europe 
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warrants the statement that natv/rcU processes 
arc superior to artificial, first in being simpler 
and cheaper, and second in being more effect- 
ive in removing impurities from sewage, and 
yielding an effluent of such purity that it may 
at once be emptied into a water-course. 
Wherever, therefore, suitable and sufficient 
land can be obtained, the application of sew- 
age to the soil is vastly preferable. There are, 
occasionally, conditions which render this 
impossible, and in such a case either artificial 
filtration or chemical precipitation in tanks, by 
the addition of milk of lime, or sulphate of 
alumina, or perchloride of iron, must be 
resorted to, but the processes are expensive, 
the effluent is not of such purity as to allow 
of immediate discharge into a water-course, 
and a new and often formidable difficulty 
arises in the" disposal of the precipitated 
matters or "sludge," which must be artificially 
dried, or pressed by means of powerful filter 
presses into cakes, which do not possess a great 
value as manure. Both methods are some- 
times combined, using purification by chemical 
treatment first, and afterwards application to 
land, and in such a case a much smaller irriga- 
tion area will be sufficient, but the process is 
proportionately more expensive. In your case 
application to the soil is decidedly the best 
method. 

What are the conditions essential to a sue- 
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cessful application of sewage to land f These 
conditions are, so far as the soil is concerned, 
a sufficiently large area of suitable, absorbent, 
and well aerated soil, which has been thor- 
oughly under-drained and properly prepared. 
Much of the success of the system will depend 
upon proper arrangement of the work, judi- 
cious management and careful distribution of 
the sewage, and, above all, upon the intermit- 
tent application of sewage to the soil. The 
land selected for sewage purification should 
not be located too near to the buildings, and 
no wells used for water supply should be near 
the irrigation field. 

In the application of sewage to land several 
systems may be distinguished, namely, broad 
sewage irrigation, sub-surface irrigation and 
intermittent downward filtration. To a cer- 
tain extent filtration through the soil forms an 
important element of all three systems. Broad 
irrigation may be defined as the distribution 
of sewage over a large surface of ordinary 
agricultural soil, having in view a maximum 
growth of vegetation, consistent with due puri- 
fication for the amount of sewage supplied. 
Intermittent downward filtration, and to some 
extent sub-surface irrigation, consists in the 
concentration of a large volume of sewage at 
intervals on as small an area of porous ground 
as will absorb it. Here the cultivation of 
crops and the production of marketable vegeta- 



bles ar^ but a secondary consideration. In 
broad irrigation sewage is made to flow over 
the land, although even here a part filters 
through the soil, while in intermittent down- 
ward filtration the sewage passes principally 
through the land. Sub-surface in-igation is 
merely a modification of the filtration system. 



The process of purification which takes place 
in the soil may be explained as follows : 
When sewage is distributed on or close to the 
surface, its organic impurities are retained in 
the soil, and are, to some extent, and when 
vegetation is active, taken up as nourishment 
by the roots of plants, while the water, thus 
partly purified, soaks away into the soil, be- 
coming still more clarified by filtration, until it 
reaches the under-drains or some other lower 
outlet, where it escapes, generally clear, color- 
less and free from taste or smell. While vege- 
tation assists in the purification of sewage, it 
should be understood that the soil itself pos- 
sesses great purifying power, and this explains 
to a large extent why the system continues to 
work in winter time. By making the discharge 
intermittent, the upper layers of the soil are 
enabled to take up, during intervals between 
discharges, oxygen from the atmosphere, witb- 
out which the bacterial growth would soon 
cease. The complete reduction of the organic 
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impurities is then effected by the bacteria, aided 
by the oxygen in the air. 

Broad surface irrigation requires very large 
areas of land, the usual allowance being one 
acre to every one hundred persons in the case 
of favorable soil, and it is an essential condi- 
tion that the latter should not be continuously 
flooded. Hence, to manage an irrigation farm 
successfully, it is advisable to have pieces of 
fallow land and to alternate in the distribution 
of sewage. In intermittent downward filtra- 
tion through properly under-drained land, a 
much smaller area of land is required. In both 
systems the sewage is delivered at the field on 
the surface, and this may, at times, become 
highly objectionable, and cause offense to sight 
or smell, if the irrigation field is located close 
to the buildings. In the modified system of 
sub-surface irrigation this objection is entirely 
overcome, as the sewage is distributed under 
the surface at a depth of from eight to ten 
inches, through a net-work of irrigation tiles. 
The preparation of the sub-surface is, of 
course, somewhat expensive, but it secures the 
advantage that, once properly arranged, it does 
not require constant attendance, as with sur- 
face irrigation or filtration. Such a field, 
however, cannot be deeply plowed, and it is, 
therefore, best to arrange it as grass or meadow 
land. 

I am informed that the land which is suitably 
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loeated for the disposal of sewage from the 
asylum has been thoroughly under-drained 
many years ago, so that it would appear to be 
well agrated and in a fit condition for purifying 
sewage by one or other of the above methods.* 
The land should be well cleared of all stones 
which would interfere with the cultivation of 
the soil. 

The preparation of the land is accomplished 
as follows : Supposing the land to be thor- 
oughly under-drained, all stones and stumps of 
trees should be removed, as well as the roots 
of shrubbery and trees. The land should be 
suitably and evenly graded, and then trenches 
are dug, wherever possible, in parallel lines. 
Into these trenches and at a depth not exceed- 
ing eight or ten inches, are laid common two- 
inch porous agricultural tiles, one foot long. 
They should rest on continuous boards, or, 
better, in gutters of earthenware, laid in the 
bottom of the trench after the latter is evenly 
and accurately graded. 

It is important that the tiles should have at 
each joint a space of about one-fourth inch to 
facilitate the oozing out of the sewage. Small 
earthen caps are placed over each joint to pro- 

♦ Thia subaequeutly turned out not to he the case and 
explains the partial f ailnre of one part of the system as 
carried ont— W. P, G. 
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tect it from dirt or earth falling from above. 
The line of absorption tiles should have a fall 
of only about two or three Inches per one 
hundred feet, just sufficient to keep the sewage 
flowing through them. If laid with greater 
fall the sewage would rush to the lowest points 
and over-saturate that part of the field. The 
success of the whole system will depend largely 
upon the accuracy with which these tiles are 
laid, hence it is very important to have this 
part of the work done by experienced drain 
layers only. 

For the disposal of 20,000 gallons (400 per- 
sons at fifty gallons) for the two buildings and 
laundry, at least 20,000 feet of absorption tiles 
would be required. The distance between the 
lines should be about five feet, though this 
will depend upon the configuration of the sur- 
face, the lines following very closely the con- 
tour levels. The system at the barn would 
require at least 10,000 feet of tiles, suitably 
laid and arranged.* 

The first system would require the building 
of a new tank, in brick- work, laid in Portland 
cement mortar, and made perfectly water- 
tight, and holding not less than 20,000 gallons. 
It should be built in three chambers, two of 
these being intercepting chamtJers for retain- 

* Thie estimate of the amount of aewajre, based upon 
data given by the engineer of the institution, subsequently 
tamed out to be too small.— W. P. G. 
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ing the solid impurities and into which the 
sewage flow may be turned alternately, thus 
enabling the cleaning and disinfecting of one 
chamber while the other is in use. From each 
chamber an overflow into the liquid tank, dip- 
ping well below the surface of the liquid, so as 
to prevent any floating scum from overflowing 
into the liquid chamber, should be arranged. 
In the liquid tank is placed the Field siphon. 
For the third building, part of the present 
large cesspool may probably be retained, after 
being suitably reconstructed and remodeled for 
the siphon. The liquid wastes are retained in 
each tank until it is filled, when the siphon 
is brought into action and automatically dis- 
charges the whole of the contents into the 
main conduit, leading to the irrigation field. 
Thus all the rows of tiles will be uniformly 
charged and the whole of the absorption field 
is brought into use each time the tank is dis- 
charged. The sewage oozes out at all open 
joints at the irrigation field, purification begins 
at once, and while the tank is again filling for 
the next discharge, the soil is aerated and pre- 
pares itself for further sewage purification. It 
may become advisable to prepare a reserve field 
for each flush tank, in order to send the sew- 
age onto it during some period of time, to pre- 
vent a possible over-saturation of the soil of the 
main field. 
I should, perhaps, mention that wherever in 
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this report the word sewage occurs, it should be 
understood to mean the household wastes 
proper, eoceluding any storm-water. Fortu- 
nately there is now, at all three buildings, a 
double system of pipes, one of which removes 
rain-water only, while the other receives the 
foul liquid wastes. The storm-water should 
be removed separately into the creek, or else- 
where, but should not be delivered into the 
flush tanks. Wherever sewage must be puri- 
fied it is always best to exclude the rainfall 
from it, for in rainy weather the purification 
area would be least capable of receiving the 
sewage, then largely increased by the bulk of 
storm-water. 

In the spring of 1888 the author was 
called upon to make an examination and 
report on a method of sewage disposal 
at the Louisiana State Insane Asylum, at 
Jackson, La., portions from which report 
are herewith reproduced. 

Sewage Disposal at the Louisiana State 
Insane Asylum, at Jackson, La. — The present 
system of sewerage at the asylum is defective 
and gives undoubtedly cause for complaint, 
principally on account of the method adopted 
of discharging the sewage unpurified into the 
creek flowing through a part of the town of 
Jackson, La. The sewer system of any insf itu- 
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tion should remove instantly and efficiently all 
the sewage to a point of outfall located where 
it may not cause a nuisance to sight or smell. 
In your case the natural configuration of the 
surface is quite unfavorahle, and is the chief 
cause of the difficult problem arising. It is 
necessary to run the sewers from the build- 
ings towards the creek in the rear of the 
asylum, beyond which rises a steep hill. It 
is, in my judgment, quite improper to dis- 
charge the crude sewage any longer into this 
creek. Several plans suggest themselves for 
remedying the present defective disposal of the 
asylum sewage. 

The first plan is to collect all the sewage in 
the rear of the asylum in a number of settling 
tanks of large capacity, and to treat the sewage 
in the latter by chemical precipitation by add- 
ing to it chemicals in solution, such as salts or 
alumina, whereby a speedy precipitation of the 
suspended and at least a part of the dissolved 
impurities is effected. The effluent, while not 
of great purity, would be sufficiently clarified 
to permit its discharge into the creek. Such a 
method of treatment would not, however, in 
your case be economical, as it would require, 
first, the coustruction of several large tanks, 
built in masonry, provided with screening ar- 
rangements for intercepting foreign matters 
and larger floating impurities, furthermore de- 
vices for dissolviftg and mixing the chemicals, 
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sheds for the storage of chemicals, employment 
of manual labor the year round, to perform the 
necessary manipulations of the sewage, and, 
above all, it would necessitate the purchase and 
freight expenses on the latter, which, in your 
case might become very large. Finally such 
a system involves the manipulation of the re- 
sulting large quantities of sewage sludge, which 
would have to be pumped out of the tanks and 
dried either in the air or by artificial heat or by 
means of filter presses. The latter, although 
efficient, are expensive, and the money realized 
from the sale of the manure cakes would not 
compensate for the running expenses incident 
to such a system. Hence, the whole plan may 
be dismissed as complicated and uneconom- 
ical. 

A second plan, which suggested itself to me 
as a possible solution, would be the purification 
of the sewage by means of mechanical filtration 
— filtration through land and surface irrigation 
being both impracticable, no land being avail- 
able between the asylum and the first creek, to 
which the sewage could be carried by gravity. 
Sewage is not a liquid which renders filtration 
easy, on account of its slimy nature, which 
causes the pores of the filter to clog gradually, 
when the filtering operation comes to an end 
until the impervious deposit has been removed. 
There is, to my knowledge, but one kind of 
filter which is arranged so as. to overcome this 
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difficulty successfully. This is the Parquhar- 
Oldham sewage filter, an English apparatus, 
the peculiarity of which consists in having a 
revolving "cutter" or scraper which continu- 
ally removes the upper layers of the filtering 
material, which have become clogged, and 
hence have ceased to work effectually, and 
thereby frees the surface of the filter from the 
slimy impurities which stop filtration. Thus, 
to all practical purposes, a new filter is created. 
The filter bed of the apparatus is composed of 
ordinary sawdust or powdered cinders, which 
are cheap and easily obtainable in any quantity, 
and the sawdust, when filled with the absorbed 
impurities, may be dried and serve as fuel 
under the boilers. 

If such an apparatus were used the sewage 
should be collected in a storage reservoir, lo- 
cated to the south of the asylum, on the slope 
of the hill bordering the first creek, and from 
it the sewage would have to be pumped and 
forced under pressure through the filter, the 
effluent being thereby clarified to such an ex- 
tent as to permit its discharge into the creek. 
Such a filter would probably answer your pur- 
pose perfectly, but I have no knowledge as to 
its exact cost, and I am informed that it can no 
longer be obtained in the United States. 

The only two possible plans of local purifica- 
tion, either by chemical precipitation or by 
mechanical filtration, being impracticable, it 
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thus becomes necessary to remove the sewage 
to a greater distance from the asylnm, in other 
words, to carry it to the second and larger creek 
tributary to the Feliciana Rirer. Its discharge 
into the latter would be, in my judgment, per- 
fectly unobjectionable for a great many years 
to come, and it remains to discuss the best 
method of carrying the sewage across the first 
creek, and across the hill beyond the latter. 

One plan would consist in bridging the first 
creek, or throwing an embankment across the 
same with large culvert, and in carrying the 
sewage across the bridge in a pipe sewer, and 
tunneling through the hill at such a depth as 
to permit the sewage to flow by gravity to the 
larger creek beyond the hill. Such a plan is, 
no doubt, feasible, but it is necessarily expen- 
sive, owing to the great depth at which the 
sewer would have to be built. 

I come now to the fourth plan, which is a 
modification of the one named last, and con- 
sists in lifting the sewage to the top of the hill 
by a system of pumping by means of com- 
pressed air, and allowing it to flow thence by 
gravity to the outlet at the larger creek. The 
apparatus by which this can be accomplished is 
called a Shone hydro-pneumatic ejector, and 
it is described at length in a pamphlet which 
accompanies this report. It is not a new ex- 
perimental apparatus, having been successfully 
used in the sewerage of a number of English 
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cities, also in the remodeling of the houses of 
Parliament, Westminster, London, and other 
places. The apparatus may now be obtained 
in this country. * Briefly described, a * * Shone '* 
ejector is an apparatus for automatically rais- 
ing liquids by means of compressed air, and its 
chief advantage over an ordinary sewage pump- 
ing apparatus consists in the fact that it does 
not require any storage tanks of large capacity 
into which the sewage must flow before it can 
be lifted, these tanks becoming necessary with 
ordinary pumping apparatus, owing to the 
variable rate of flow of sewage during the day. 
By adopting the ** Shone" ejector, on the con- 
trary, no collecting tanks are required, as the 
rate of discharge of an ejector corresponds to 
and varies with the quantity of sewage flowing 
into it. 

The construction of the ejector is clearly 
shown in the accompanying pamphlet. It is, 
practically, a cast-iron artificial receiver, hav- 
ing an inlet and an outlet pipe, and on each of 
these there is a wooden ball valve. As the 
sewage flows into the ejector it lifts the inlet 
valve off its seat and gradually fills the ejector, 
whose capacity is about 200 gallons. As soon 
as the ejector is full, compressed air of a 
pressure depending upon the total lift of the 

* It has quite recently been used in connection with the 
drainage of the Auditorium building, in Chicago. 
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sewage — about 45 lbs. pressure per square inch 
in your case — is automatically admitted, a float 
operating an automatic valve apparatus at the 
top of the apparatus in connection with the 
compressed air supply main. The inlet ball 
valve now closes, and the whole contents of 
the ejector are forced through the outlet pipe 
towards the outlet. When the ejector becomes 
empty, the float drops and closes the air supply 
valve and the ejector again fills up, the same 
operation repeating itself as soon as the ejector 
again becomes full. The apparatus, of course, 
requires an air-compressing station, with boiler 
and engine of about 2 J horse-power, an air 
compressor and an air reservoir. These could, 
in your case, be placed in the present boiler 
house and would require a line of small iron 
air pipes connecting the air compressor and 
reservoir with the ejector. In order to avoid 
trouble in case of accident or temporary re- 
pairs to the apparatus, it is recommended to 
provide the air compressors in duplicate. 

The ejector could be located on the slope at 
the rear of the buildings, and the discharge 
pipe could be carried, either under the bed of 
the creek or else across a bridge, to the top of 
the hill beyond, from which point the sewage 
would flow by gravity to the outfall. The sys- 
tem just outlined appears to me, on the whole, 
to solve your sewage difficulty in the best and 
most economical manner. 
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Its operation would be as follows: The sew- 
age, as produced, flows down the properly- 
graded house drains to the ejectors. The mo- 
ment the ejector is full, compressed air is auto- 
matically admitted and the sewage forced into 
the discharge pipe. The ejector is self -cleans- 
ing and self -Tentilattng and forms an absolute 
barrier against the passage of sewer air back 
into the drains. The compressed air is not ad- 
mitted to the ejector until it is full, and the air 
is not allowed to exhaust until the ejector is 
emptied down to the discharge level. In con- 
sequence of these actions the sewage is dealt 
with just as it flows from the house drains, 
whether it be at the maximum or minimum rate, 
and by a simple automatic arrangement the 
production of air is regulated to the demand. 

In case you should decide to adopt and carry 
out the system recommended by me, it would, 
of course, become necessary to reconstruct the 
system of sewers outside of the buildings, and 
to collect all of these into one main six-inch 
sewer, leading to the ejector, of a capacity suf- 
flcient to carry the whole sewage. 

According to measurements taken by me, the 
water pumped from the well into the tanks 
of the various buildings varies from 36,000 to 
45,000 U. S. gallons per 24 hours. This amount 
represents, practically, the quantity of sewage 
proper of the asylum, because no rainfall is ad- 
mitted into the present sewers, being at the rate 
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of from 70 to 90 gallons per head per diem. In 
reconstructing the system of sewers, I strongly 
advise dealing with the rain-Water from the 
roofs separately, as heretofore. Thei*e is no good 
reason why the rain-water should not be made, 
in your case, to flow off on the surface, where 
necessary, in surface gutters. The drain from 
each of the buildings should be a six-inch 
glazed earthenware sewer pipe, laid with a fall 
of at least i inch to the foot, and with joints 
properly made with Portland cement. Should 
any of the lines pass near the asylum well, it 
would be better to substitute cast-iron pipes 
with leaded and calked joints, to insure that 
your drinking water remains uncontaminated. 
A thorough examination of the apparatus re- 
commended for lifting your sewage across the 
first creek and the hill beyond, will convince 
you that its construction is simple and that 
hence its cost of maintenance, repairs, etc., 
would be small. The annual expense of oper- 
ating the same would not form a serious item, 
as the engineer who runs the dynamo and en- 
gine of your electric light plant could simul- 
taneously look after the air compressor and its 
engine, and very little extra fuel would be 
required for the boiler. The ejector is self- 
acting, and would not require any daily at^ 
tendance. 

As to the plumbing work inside of the build- 
ings, my examination leads me to believe that 
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much of it is unsafe and not in accordance with 
modem rules and requirements. As the sani- 
tary condition of the asylum and the good 
health of the inmates depend, to some extent, 
upon the proper arrangement, trapping and 
ventilation of the plumbing fixtures and house 
pipes, I recommend that the whole work be 
reconstructed at an early date. In considera- 
tion of the fact that your asylum is located 
away from the centers of population, and hence 
that plumbing repairs are difficult and costly, I 
should advise having as little plumbing work in 
the buildings as possible and avoiding the use 
of lead waste pipes, by adopting a system of 
heavy screw-jointed wrought-iron soil pipes, 
with iron branches to water-closets, slop-hop- 
pers and bath-tubs, and wrought-iron, well- 
ventilated siphon traps under fixtures. New 
bath-tubs of cast-iron, painted, or better, en- 
ameled, should be fitted up without any sur- 
rounding wood-work. Likewise should modern 
flushing-rim enameled iron slop-hoppers be 
fitted up. Finally, I would advise putting up 
for each ward at least one good water-closet 
for patients' use at night. The slop-hoppers 
should not be used for this purpose, and their 
outlets should have well-fastened strainers, to 
prevent obstructions in the pipes and traps. 
Some of the wash-bowls at present in the build- 
ing might with advantage be dispensed with, 
as being a source of constant annoyance and 
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t6pairs. I fully approte of your present sys- 
tem of oat-door closets for the patients who 
are able to be out and work on the farm or 
in the garden. As an improyement npon the 
present system of pails, which, however, is 
vastly better than the ordinary privy vault, I 
would recommend the use of improved forms 
of earth-closets. 
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HABITATIONS IN VILLAGES. 

I shall not here consider such villages 
where the houses are scattered about 
and have each a large amount of garden 
space. Such houses can always dispose 
of all of their filth products on their own 
premises, by one of the methods described 
for isolated country houses and neither a 
system of scavenging nor a sewage 
system are required. There may, and 
probably always will be, in every village 
a few houses without any garden space 
attached, but these are usually able to 
make a separate arrangement either with 
a neighbor or with some farmer. The 
whole solution of the question may be 
characterized by, and embodied in, the 
following rules: Cesspools and privies 
must be utterly abolished; wells, cisterns 
and springs must be protected from pollu^ 
tion; slop-water should be disposed of in 
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the garden^ or under the lawn by means of 
a flush-tank; and dry earth or ash closets^ 
or else the pail or tub systems should be 
adopted for the excrement disposal. The 
earth-closet system is particularly adapted 
to villages, as there can seldom be a 
difficulty in procuring sufficient loamy 
soil or garden mould, and in subsequently 
utilizing the earth manure in gardens or 
on adjoining farms. 

In proportion as dwellings become 
aggregated and crowded closer together 
and the gardens attached to them reduced 
in size correspondingly, and as the popu- 
lation increases, it becomes more and 
more difficult for the individual house- 
holder in villages to dispose of his refuse 
separately. It is obvious that, in the 
case of , densely populated and closely 
built up villages, united action of the 
residents becomes a necessity to effect 
any reform in the much prevailing cess- 
pool nuisance. In other words, the 
community as a whole must carry out 
proper measures for sewage removal and 
disposal. 



119 

It may, in some instauces, be feasible 
to retain the earth-closet near the farm- 
house. But, wherever the resulting earth 
manure cannot be made use of on the 
ground, it may become preferable to, 
arrange, under supervision of the village 
authorities, a system of dry removal by 
tubs or pails* Much of the success of 
such systems will depend upon the care 
and regularity with which the deodorizing 
material is supplied, and upon the fre- 
quency of the removal of the dry manure 
and of the pails. 

Surface or sub-surface irrigation in the 
garden being impracticable where no 
space is available, and both open and tight 
cesspools being objectionable, the one 
because it will contaminate the soil and 
the other because it will require frequent 
pumping out, while both will become foul, 
owing to decomposition of their contents, 
the only remedy for the slop-water nui- 
sance is to build a main sewer pipe — a six- 
inch pipe will answer for a whole village 
of one thousand or even more inhabitants 
— with branch pipes to each dwelling, for 
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the removal of the slop-water proper. 
From this sewer all surface and sub-soil 
water should be rigidly excluded; in other 
words, the separate system of sewerage 
should be adopted. 

A cardinal rule is that the sewage be 
delivered at its ultimate point of dis- 
charge before it can begin to putrefy. 
Whether its immediate discharge into a 
water-course is practicable, or whether a 
previous purification by chemical precipi* 
tation, filtration or by irrigation is 
necessary, must be made the subject of 
a particular investigation in each case. 
Wherever a village adopts a sewerage 
system, the houses may and usually will 
sooner or later be provided with "modem 
conveniences,*' in other words, with a 
more or less elaborate system of plumb- 
ing fixtures, including water-closets for 
the removal of human excreta in place of 
earth-closets or pails. 

Wherever the majority of the village 
houses are without sufficient garden 
space, a system of public scavenging may 
be required. But, as a rule, most of the 
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dry refuse matter cau be disposed of on 
the premises of village houses, in much 
the same manner as indicated for farm- 
houses and isolated country residences. 
As a rule, the disposal of garbage is more 
readily accomplished in villages located 
in agricultural districts than in mining or 
manufacturing villages, or in towns. 

Interesting accounts of the sewerage 
and sewage disposal of the villages of 
Lenox, Mass., and of Cumberland Mills, 
Me., are given by Col. Waring in his 
recent book, quoted heretofore. The 
sewerage and sewage disposal of the 
model town of Pullman, 111., afford 
another interesting example (see descrip- 
tion by Mr. Benezette Williams, C. E., 
in. the Journal of the Association of 
Engineering Societies). 

In this connection I may be permitted 
to quote from my report, prepared in 1889 
for the Westinghouse Air-Brake Co., on 
the Sewerage and Sewage Disposal of Wil- 
merding. Pa., a model manufacturing 
village near Pittsburgh, Pa., similar in 
character to the Pullman, 111. 
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Sewage Disposal at Wilmbrding, Pa. — 
I come now to the discussion of what is 
probably the most important, and at the same 
time most difficult part of the whole problem, 
*. e., to the question: How and to what extent 
shall the sewage be purified before it is dis- 
charged into Turtle Creek? 

Bearing in mind the instructions given me 
to propose and devise as simple and inexpen- 
sive a plan of purification as possible, and the 
fact that a high standard of purification is not 
essential, I would suggest that, for the present, 
a system of purely mechanical clarification by 
simple subsidence in duplicate settling tanks 
be tried, wherein strainers intercept the coarse 
floating substances, while the finer solids and a 
portion of the flocculent, suspended impurities 
be allowed to settle by gravity to the bottom of 
large tanks through which the sewage should 
pass with a very much reduced velocity. 

The coarse substances intercepted by means 
of suitable upright bar screens and floating 
skimming boards should be removed daily and 
dealt with in the same manner as the solid 
garbage of the village and of the works. As 
the best method, I would recommend the burn- 
ing of such material in a suitably constructed 
garbage destructor, to be erected in the vicinity 
of the settling tanks. 

The resulting liquid effluent from the subsi- 
dbnce tanks would necessarily still contain all 
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the dissolved impurities and some of the lighter 
suspended particles. The accumulations of 
semi-solid sewage sludge deposited in the bot- 
tom of the tanks are more difficult to deal 
with. I would suggest that the sludge might 
be retained in the tanks until such times when, 
owing to floods, the creek carries sufficient 
volume of water to render the discharge of the 
sludge into it unobjectionable. The discharge 
itself may be effected by gravity if the tank 
bottoms can be located at a sufficient elevation 
above the ordinary water level in the creek, or 
else — and this is more likely — it will be neces- 
sary to provide pumps to lift the sludge from 
the tank bottom. 

I am not at all certain that the method of 
purification by mere subsidence will be practi- 
cable and satisfactory, and I will say frankly . 
that the whole method of purification outlined 
so far should be considered as experimental; 
for it is to me doubtful whether the suspended 
sewage impurities will, even if the sewage be 
brought to nearly absolute rest in the settling 
tanks, drop to the bottom to such an extent as 
to give an effiuent from the settling tanks, 
which could be considered sufficiently clarified. 
According to experience gained elsewhere it is 
highly probable that the effiuent would remain 
putrescible and liable to cause a nuisance in 
the creek. 

It will therefore be advisable to construct the 
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subsidence tanks at the outset, in such a man- 
ner that, if found necessary, chemical treat- 
ment may be applied. 

I am not in favor of a system of mechanical 
filtration of the sewage, and to my knowledge 
experiments in this direction have not proved a 
success, owing probably to the slimy nature of 
sewage which causes every filter-bed, of what- 
ever material and construction, to gradually 
clog up, requiring a frequent renewal. 

I am loth to recommend a system of chemical 
precipitation at the purification works, for I am 
aware that it complicates the whole arrange- 
ment and increases the cost of purification. 
Such chemical precipitation consists in the 
addition of certain chemicals to the sewage, 
whereby the solid, suspended matters, and at 
leas£ some of the dissolved impurities, are pre- 
cipitated, while at the same time a partial deo- 
dorization is effected. The sewage to which 
the chemicals are added in solution flows into 
tanks and is passed continuously, and at a very 
slow rate of velocity, through a series of basins, 
allowing the impurities to settle to the bottom 
while the clarified effluent is discharged into 
the creek. The precipitated sludge is period- 
ically removed from the tanks. Many different 
processes exist, varying chiefiy in the chemicals 
employed. Experience gained in such works 
abroad tends to indicate that the lime process 
and the process using sulphate of alumina and 
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lime combined as chemical precipitants, prom- 
ise the best result. The lime process is cheaper, 
but the combined alumina and lime process 
is more effective. The lime process is also 
objectionable because it creates a much larger 
amount of sludge, and the effluent is apt to 
become offensive, 

The arrangements for separating the grosser 
solids from the sewage would remain substan- 
tially the same in chemical precipitation, as for 
the subsidence tanks, but, in addition, ma- 
chinery would be required for mixing the pre- 
cipitants, and it would also involve the buying 
of large quantities of chemicals, either sulphate 
of alumina or protosulphate of iron, and lime, 
which must be stored in suitable buildings, 
prepared in suitable receivers, and added to, 
and mixed in suitable proportions with, the 
sewage flowing into the tanks. 

Still, there cannot be the slightest doubt that 
chemical precipitation would effect a quicker 
and more complete clarification of the sewage 
than mere mechanical training and subsidence. 
On the other hand, the disposal of the sludge 
will be rendered more difficult, owing to the 
fact that its quantity will be increased by the 
addition of the chemicals, particularly if lime 
should be used, and hence that the tank bot- 
toms will fill up quicker and will require more 
frequent emptying and cleaning. If chemical 
treatment be adopted it will probably be advisa- 
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ble not to attempt to discharfe the sludge into 
Turtle Creek, but to establish suitable sludge 
compressors, by which the black fluid or sludge, 
which in the bottom of the tank contains about 
90 per cent, of water, will be deprived of at 
least 50 per cent, of this water, and be con- 
solidated into pressed manure cakes, which can 
be further dried in the air, which are more 
readily handled, and which possibly could be 
disposed of to farmers in the neighborhood, 
although its sale may be uncertain, and a 
large profit cannot thereby be realized. As 
stated above, the effluent from such a process 
would still contain dissolved impurities, but 
it could be discharged with impunity into the 
creek. 

In my judgment such a system of purifica* 
tion by chemical precipitation, together with 
sludge eompression, will be the proper one 
ultimately to adopt, although necessarily more 
costly than a system of mere subsidence. A 
system substantially as described has been in 
successful use for the purification of the sew- 
age of Frankfort-on-Main, Germany, and in 
some places in England. A similar system is 
in operation at the large works of Herr Krupp, 
at Essen. 

I would, accordingly, propose to build at the 
point located on the map, precipitation works, 
consisting of two large settling basins, into 
which the sewage would be delivered by means 
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of sluice gates. These basins wonld be used 
alternately, in order that the one may be thor- 
oughly cleaned while the other receives the 
sewage. The basins should be built in brick 
masonry or of concrete, and faced inside and 
outside with pure Portland cement. Each 
basin should be 60 feet in length, 90 feet in 
width, and from 5 to 6 feet deep, giving a 
capacity of 60,000 gallons or one- tenth of the 
expected total daily volume of sewage. Each 
basin would be again subdivided by cross walls 
into three tanks. The sewage, after receiv- 
ing the chemicals, would flow into the first 
tank ; when this is filled it overflows over the 
bridge wall into the second, thence into the 
third, and at the lower end of this it would 
overflow into an outflow channel, leading to 
the creek. 

This same arrangement of basins would, of 
course, answer in case it should be decided to 
adopt a system' of simple subsidence. The 
details of the arrangement of the basins and 
channels could be determined later on. 

It may seem advisable not to decide at once 
upon the system flnally to be adopted for puri- 
fication. Each year brings new systems, and 
we likewise gain more experience and obtain 
scientific data from systems in actual use. In 
Germany, in particular, some new methods of 
purification have been lately devised, which 
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promise good results and are highly spoken of 
by sanitary engineers in good standing.* 

Unfortunately, I am not familiar with them 
from a personal inspection and observation 
and only know them from descriptions ; hence 
I do not feel prepared to suggest them without 
having personally looked into them. 

The following abstracts are taken 
from my report on the Sanitary Condi- 
tion of Watch Hill, E. I., made in Sep- 
tember, 1889, at the suggestion of the 
State Board of Health of Ehode Island. 
A few unavoidable repetitions of former 
statements will, I trust, be excused by 
the important relation which they have 
to public health. 

Sewerage and Sewage Disposal at Watch 
Hill, R. I. — Situated at the extreme south- 
western point of the State of Rhode Island, on 
a narrow peninsula, surrounded almost entirely 
by water, Watch Hill would seem to offer, 
by its select position, peculiar advantages as 
a watering-place and seaside health resort. 
Bounded on the east by the open Atlantic 
Ocean, and by the waters of the quiet Little 

♦ The writer refers particularly to the Mtiller-Nalmsen 
and the Rothe-ROckner systems of sewage parificution. 
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Narragansett Bay on the opposite side, ex- 
posed to invigorating sea breezes, from what- 
ever direction the wind may blow, this beauti- 
ful spot appears to be particularly favored by 
nature to be a fit resting place for tired brain- 
workers, and for all persons in search of health 
and healthful surroundings. 

The place at present consists of a few village 
dwellings and stores, a number of large summer 
hotels, some of which are situated on the bluffs 
from which magnificent ocean views may be 
obtained, and of a large and rapidly increasing 
number of isolated summer cottages. 

There is no system of sewerage at present at 
Watch Hill, nor is there a public water supply. 
Each individual cottage and each hotel has 
its own supply of water, derived from storage 
of rain-water in cisterns or else from wells and 
springs. Each building takes care, in a more 
or less perfect manner, of its liquid and semi- 
liquid refuse. All cottages and hotels have 
more or less of the usual inside house plumb- 
ing. As a rulci each cottage has its own 
water-tight and cemented cesspool, but to 
avoid the annoyance of frequent emptying or 
pumping out, I am informed that many cess- 
pools are provided with overflows, allowing the 
surplus liquid waters to soak away into the 
ground, while the solids and grease are re- 
tained in the cesspool, which is emptied each 
fall at or after the close of the season. 
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It is a well-established axiom of sanitary- 
science that storage of putrefiable or putrefying 
filth of whatever character in the immediate 
neighborhood of human habitations should be 
avoided ; and while this applies even to the small- 
est single habitations or isolated cottages, it is 
particularly applicable to summer hotels, where 
a large number of people congregate annually 
for pleasure or health. With only very few 
exceptions I find that this law is violated at 
Watch Hill, and the fact that this resort has so 
far enjoyed an immunity from infectious 
disease must be explained to a large extent by 
the above mentioned exceptional natural ad- 
vantages of the place. It should be remem- 
bered, however, that more people will be at- 
tracted to the place from year to year, owing 
to the salubriousness of its climate, and as 
rapidly as the place is destined to grow, the 
unsanitary conditions created or maintained by 
mankind will multiply and become more and 
more a source of possible danger to health to 
the increasing number of permanent summer 
residents. Therefore, bearing in mind the old 
proverb that *'an ounce of prevention is better 
than a pound of cure," it is none too soon to 
begin to think seriously of sanitary improve- 
ments. Hotel owners in particular, whose 
success depends almost entirely upon the 
good sanitary reputation which a place 
bears, as well as upon the healthful- 
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ness of their buildings, should ever remem- 
ber that every dollar judiciously expended 
in the interest of the healthfulness of a 
resort, will soon be returned to them ten or 
twenty fold. 

Privy vaults, as well as leaching cesspools, 
are abominations which should no longer be 
tolerated in any civilized community. All col- 
lection and storage of putrefying organic 
matter, on or under the surface of the ground, 
should be avoided as constituting an ever 
present menace to health. Such accumula- 
tions of putrefying filth, undergoing constant 
decomposition and creating poisonous gases, 
have been well compared to a powder maga- 
zine, lacking only a single spark to become 
the center of vast destruction through the 
rapidly multiplying germs of disease when in- 
troduced by a single case of illness. With 
privy vaults and cesspools abounding, the 
surrounding earth becomes saturated, the air 
tainted, the general health of persons living 
in the immediate vicinity, and compelled to 
breathe such air, becomes affected, and the 
power of resisting infectious disease will be 
lessened. Again, the drinking water derived 
from wells or springs will gradually be poi- 
soned, and thus may arise a second and equally 
potent cause of illness. 

Cesspools and vaults are retained in com- 
munities only through ignorance or indiffer- 
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ence. It is a fondamental principle that all 
filth incident to human life should be removed 
thoroughly and immediately, or at least before 
putrefactive decomposition begins. Likewise 
should all liquid or solid offal, garbage, or 
manure from stables, cow-bams, hog-pens, 
henneries, or places where animals are 
slaughtered, be collected and removed by 
scavengers, and as much of it as possible used 
by farmers to enrich the land. 

No doubt there will be some who will argue 
in defense of the ** leaching cesspool " for sea- 
side resorts, that it is used only during three 
or four months of the year, and that it conse- 
quently has ample time during the remaining 
period to purify itself. To this it must be 
replied that even during the short period of 
four months a leaching cesspool may become 
highly dangerous by reason of soil pollution 
and air contamination, particularly in the 
case of larger hotels. Besides, it is tolerably 
safe to assert that proper oxidation does not 
take place except near the surface, and that 
even where the foul liquids leach away in the 
sand the solid foul matters and grease will 
remain in the cesspools and in the pores of the 
ground, accumulating from year to year. 

Until a pure and abundant general system 
of water supply is introduced, all wells and 
cisterns should be diligently watched and kept 
free from all possible surface defilement and 
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underground pollution. Water stored in cis- 
terns is frequently polluted through the over- 
flow pipe connecting the cistern with a cesspool 
or some drain carrjring foul sewage. It is 
obvious that such a connection is absolutely 
inadmissable. Rain-water collected in cisterns 
may be contaminated through various other 
causes. Much care should be exercised to see 
that the roofs and gutters are always kept in a 
clean condition, and that no slops are thrown 
out from windows onto low roofs, draining 
into cisterns, that no leaky drain passes near the 
cistern walls, that the latter are carefully built 
of sound brick laid in cement, and with the 
inside rendered with Portland cement and 
preferably provided with a filtering compart- 
ment. 

Vigilant care should be exercised with 
regard to the storage of food, particularly of 
meat and milk, and the wastes from ice boxes 
or storage boxes should under no condition 
whatever be joined directly to any sewer or 
drain leading to a cesspool. 

As to the disposal of human excreta, one of 
two rules well establfshed by experience may 
be followed, namely, either to adopt some so- 
called dry method of disposal, by which the 
excreta are kept perfectly and absolutely dry, 
and by admixture of loam, rich garden earth 
or ashes, converted into manure to be used on 
the land, or else to remove the same rapidly 



134 

by means of plenty of water through a system 
of water-closets and tight sewers, discharging 
either into some large body of water, or else 
delivering the sewage in a diluted condition on- 
to the land to be used as a fertilizer. 

After these general considerations, it is 
proper to give somewhat more specific advice 
relating to the problem on hand. There is 
very little doubt in my mind that, with the 
growth of Watch Hill, nothing short of a com- 
plete and comprehensive sewerage system will 
satisfy the sanitary needs of the place. Other 
watering-places, for instance, Xahant, Mass. ; 
Bar Harbor, Maine ; Long Branch and Atlantic 
City on the Jersey coast, have adopted and 
carried out complete sewerage systems. The 
system most fully adapted to the needs of the 
place would, in my judgment, be the separate 
system, dealing only with the sewage proper, 
while excluding all rainfall, and therefore 
requiring comparatively small sizes of sewers. 
Neither the Pawcatuck Bay nor the water in 
front of the principal bathing beach would be 
suitable places for the main sewer outlet. It 
seems, therefore, probable that in the future 
a main sewer would have to be carried along 
the narrow edge of land stretching out to 
Napatree Point, where the sewage delivered 
either by gravity or by a system of pumping 
could be discharged into the sea, and probably 
would be carried away forever by the tides. 
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winds, and strong currents. But the construc- 
tion of such a comprehensive system would 
require a comparatively large outlay of money, 
which for many years to come would be 
unnecessary. 

I shall, in the following, avoid suggesting 
any too extremely radical method of improve- 
ment. The key-note of my advice may be 
expressed in very few words; for the privy 
vault and manure pit substitute some dry 
conservancy system, such as the earth or ash- 
closet, or else some movable pail system, with 
frequent removal; for the leaching cesspool 
substitute either a tight cesspool, to be 
frequently emptied, or better, a water-tight 
sewer, removing all liquid waste organic 
matter, and discharging it in a fresh, unputre- 
fied condition into the deep water of the ocean 
or bay, or else use — in the case of the isolated 
summer cottages and residences — flush-tanks 
with sub-surface sewage irrigation, leaving to 
the bacteria, which have aptly been designated 
as nature's scavengers, and to the roots of 
plants, the task of the complete destruction of 
the hurtful elements of sewage, and their con- 
version into useful elements suitable for 
nourishment of growing crops, or grass, or 
shrubs. 

Leaving aside, for the present, the question 
whether the hotels should have dry-earth or 
ash-closets, or else a system of well-arranged. 
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well-flushed, and well taken care of water- 
closets, it is obvious that each hotel Will require 
a sewer for the removal of the slop-water, of 
kitchen and laundry wastes, wastes from bath- 
tubs, etc. The topography of the place being 
such as to admit in nearly every case of good 
falls being obtainable, no la,rge sewers are 
necessary. A six-inch sewer, laid in a well- 
graded trench, with well-made joints, perfect 
alignment, and a bore as smooth and true as 
that of a gun -barrel, will be amply sufficient 
for the largest size hotel, even where water- 
closets are used. The best material for such 
sewers would be salt-glazed, hard-burnt, vitri- 
fied pipe, the joints being made with Portland 
cement mortar. The outlet pipe, leading into 
the water, should be constructed of heavy cast- 
iron pipe, well protected against corrosion by 
tarring. 

One of the hotels is now removing all of its 
sewage by means of such a pipe sewer, 
discharging into Pawcatuck Bay. I have 
closely watched the water near this sewer 
outlet, and have been unable to find any 
floating sewage matter, nor was there apparent 
any defilement of the shore from stranded 
sewage particles or paper, and although the 
bay is extensively used during the summer 
season as an anchoring ground for all kinds of 
pleasure boats, I am told that no complaint 
has ever been made of any nuisance created by 
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this sewage discharge. This may partly be 
explained by the well-known fact that sewage 
discharged in a fresh condition is quickly 
consumed by fishes, animalculaB^ and forms of 
aquatic life, and partly by the fact that, where 
sewage mixes with salt water, heavy matters 
are precipitated to the bottom. Putrid sewage, 
on the contrary, when discharged into water- 
courses, will drive fish away; hence it is 
apparent that one of the cardinal principles to 
be observed should be the quick removal of 
all sewage, before decomposition sets in. 

While I believe that it would be injudicious 
in case Watch Hill should be completely 
sewered, to locate the sewer outlet into 
Pawcatuck Bay, I can see, for the pres- 
ent, no serious objection to the discharge 
of the sewage for single hotels or cottages 
into the large volume of water in this bay. 
Under no circumstances whatever should any 
drain or sewer be carried to the bathing 
beach, which should be kept scrupulously 
clean and unpolluted. For this reason, I 
should consider it unsafe to carry any sewage 
to the head of the great ocean pier near the 
promontory on which stand the Life-saving 
Station and the Watch Hill Light House. 

As an alternative method, applicable to the 
hotels overlooking the ocean, I would suggest 
the discharge of their sewage directly into 
the Atlantic Ocean. There is some doubt 
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in my mind as to the possibility of the sewer 
outlets becoming choked by sand and gravel, 
washed into the pipes by the force of the 
breakers; but this could probably be overcome 
by carrying the mouth far out into deep water, 
and by the use of a flush-tank, discharged at 
high tide only. The iron pipe itself should 
be well laid and strongly and suitably pro- 
tected, by stone-work, against the strong 
blows of the waves. It may become advisable 
to construct the iron outlet sewer in sections, 
bolted together by flanges, and to remove the 
pipe at the end of each season. 

Each hotel should construct a large flush- 
tank, built of hard-burnt brick, with cement 
mortar, and made absolutely water-tight. 
Between the house and the flush -tank, I advise 
arranging a well -covered intercepting or strain- 
ing chamber, with brick side walls and rounded 
concrete bottom, and with inlet and outlet 
pipes level with the bottom of the chamber, so 
as to avoid absolutely any stagnation of sewage 
in the straining chamber. This chamber to be 
provided with one or two rows of upright iron 
bar strainers, put closely together (one wide 
and one narrow strainer), for the interception 
of all coarse, solid substances, such as paper, 
napkins, rags, corks, soap, etc., which should 
be scooped out and removed daily, and either 
dried and destroyed by fire, or else composted 
with garden earth, charcoal and ashes, and 



139 

carted sway onto the land, to be used as a 
fertilizer. The amoant of such intercepted 
matter, if removed daily, would be compara- 
tively small, and, with a little care in manage- 
ment, it could readily be dealt with without 
creating any nuisance. By arranging such a 
straining chamber, the possibility of a defile- 
ment of the beautiful beach, by solid sewage 
matters returned to the shore, would be 
entirely avoided. This beach, although not 
much used for bathing, being composed 
of fine sand, is a favorite place for pleasure 
strolls, and, being one of the attraction.*^ of 
Watch Hill, every effort should be made to 
keep it unpolluted. 

For this reason, too, I suggest the use of a 
flush-tank, in which the hotel sewage may be 
retained daily until the commencement of the 
outgoing tide. Once, or, if necessary, twice a 
day, at this time, the flush-tank should be 
emptied, and thus its contents discharged with 
great velocity into the ocean. The rush of water 
will tend to keep the sewer outlet free and 
unobstructed, and the outgoing ebb tide will 
caiTy all liquid sewage far away to sea. Flush- 
tanks are often provided with automatic 
appliances, called siphons, to empty the tanks 
as soon as they become full. In this case, I 
advise the much simpler plan of placing on the 
discharge-pipe, where it leaves the flush-tank, 
a shut-off gate-valve, accessible through a 
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manhole, and to be operated by hand. The 
hotel manager should make it the duty of some 
trusted employe to empty this tank twice a 
day at regular intervals, corresponding to the 
hours of the beginning ebb tide. The flush- 
tank should receive not only the waste flow 
from urinals and water-closets, but also all 
chamber-slops, bath -wastes, and all fouled 
water from the kitchen and laundry. It should 
be provided with an overflow pipe, to prevent 
the tank from overflowing in case the opening 
of the gate-valve should, through negligence, 
be forgotten. The tank should be arched over, 
covered, and provided with inspection man- 
holes, carried to the surface. Inasmuch as the 
sewage is stored in it for no great length of 
time, I do not consider it necessary, nor even 
desirable, to ventilate the flush -tank, but, at 
the end of each season, it should be thoroughly 
cleaned, the walls washed and disinfected, and 
the pipes leading to and from it thoroughly 
cleaned, and all obstructions removed. 

A few cottages adjoining the hotels could do 
away entirely with the present cesspools, by 
joining the hotel sewer and bearing a part of 
the expense of its construction. A few others, 
located on the shore of the bay, can easily 
drain directly into the same, and thus dispose 
of all their water-borne filth in an efficient and 
innocuous manner. 

By far the greater number of cottages. 
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however, are isolated and scattered about, and 
for the present, at least, a common sewer would 
seem to be out of the question. A local treat- 
ment of the house sewage becomes, in such 
cases, a necessity. 

The present method of tight cesspools with 
overflows, allowing the sewage to soak into 
the ground, is, to say the least, crude and 
imperfect, and is accompanied with some 
danger wherever the domestic water supply is 
derived from a well. Although the wells are 
lined with cement pipes, to keep out any* 
surface water or soakage from the strata which 
the well pierces, yet none of them are very 
deep — water said to be of good quality being 
generally obtained at a depth varying from 
fifteen to twenty-five feet. There is, however, 
absolutely no security against the soakage of 
sewage into the ground, and it would be 
obviously dangerous to trust to the filtering 
power of the deeper strata of earth to purify 
the sewage before it reaches the underground 
sheet of water from which the well draws its 
supply. It is well known and a well estab- 
lished fact that the upper layers of earth, the 
subsurface to a depth of one or two feet, are 
pre-eminently fit, owing to the oxygen con- 
tained in the pores of the soil, to oxygenize 
and render innocuous sewage matters delivered 
into the same. In this purifying process the 
ground is assisted during the summer season 
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by the action of vegetation, and furthermore 
by the action of the bacteria contained in the 
upper layers of the soil. Hence it is much 
preferable to keep all sewage on the surface or 
just under the surface, and this can be done 
with success in several ways. 

In the case of small cottage lots the only 
safe method is to build absolutely tight cess- 
pools. I should construct these cesspools not 
in the usual way, but with two chambers, the 
first and smaller one to act as a retaining 
chamber for solids and grease, while the 
second and larger one is to receive by means 
of an overflow, dipping well down below the 
water level of the first chamber, only the liquid 
sewage. Much of the latter can be pumped 
out at intervals and used to water the lawn or 
flower beds, and the first chamber should be 
frequently emptied, at night, and the contents 
mixed with charcoal, gypsum, and ashes, and 
dug into the ground. All flow of rain or 
surface water into the cesspool should be 
avoided. Another scheme, applicable to larger 
lots, would be to carry from the liquid chamber 
a number of outlet pipes all placed on the 
same level, distributing the sewage close under 
the surface of the ground, but under no cir- 
cumstances should an overflow be taken from 
any sewage cesspool to the beach. 

Where plenty of land is available around a 
cottage, and where the soil is of a suitable 



143 

character, excellent results may be obtained by 
using the sub-surface sewage irrigation system, 
which consists essentially of a small flush-tank, 
having a capacity equal to the daily sewage of 
the house and a net work of open jointed, 
small agricultural drain tiles, laid only a few 
inches below the surface of the ground, 
preferably under grass land or a lawn. The 
flush-tank discharges as soon as it is full, 
automatically and intermittently — usually by 
means of some form of automatic siphon — and 
sufficient time is thus given between consecu- 
tive discharges for the soaking away of the 
liquid sewage, the ground acting as strainer, 
and the oxygen contained in the pores of the 
soil acting as a destroyer of all organic matter 
attaching to the particles of the soil. A quick, 
intermittent discharge from such a flush-tank 
is obviously much to be preferred to the slow 
and irregular oozing out through a number of 
overflow pipes. 

It seems to me that many of the present 
cottages have sufficient ground about them to 
adopt the system of sub-surface irrigation 
recommended, and a trial of this method, 
which, in many country places without sewers, 
has given good results, would seem to me to 
be worth while. 

In all such cases I should advise the discon- 
tinuance of the use of well-water for drinking 
purposes, except where the well can be put 
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4A least one hundred feet away from the sewage 
field. Rain-water, stored in perfectly tight and 
well-kept cisterns, can be made very palatable 
by filtration, or by boiling and subsequent 
aeration and cooling with ice. I would strongly 
urge the consideration of introducing and dis- 
tributing water to all hotels and cottages, 
under pressure, at an early day. As the place 
grows, the need of such a public water supply 
will become more apparent from season to 
season. 

Apart from the liquid refuse or slop water, 
which are most easily disposed of by sewers, 
two methods may be adopted in dealing with 
the excreta from the houses and the hotels. 
One system applies the deodorizing and ab- 
sorbent power of dry earth or of ashes, while 
the other uses water as the vehicle for the 
removal of fecal matter. In one case, the 
receptacles for removing filth are earth or ash- 
closets, or tubs or pails; in the other case, 
the receptacle used is the water-closet. The 
first method necessitates a temporary retention 
and storage of fecal matters on the premises, 
while in the second these latter are immedi- 
ately and completely removed through well- 
constructed, well -flushed, and amply-ventilated 
underground pipe channels. Of the two 
methods, the removal by water carriage is 
certainly the better, cleaner, and more ef- 
ficient. 
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The advantages of the earth^closet are. 
briefly, that its first cost is leaa; that the 
quantity of water used in the house is much 
reduced; that the closet itself is not so liable 
to get out of order as many forms of water- 
closets ; that stoppages, from improperly intro- 
duced substances, will cause less damage, and 
that there is less danger of injury to the 
apparatus by frost. Finally, the manurial 
value of the excreta and urine are saved, and 
the dry-earth manure may readily be stored 
(at some distance from habitations) until needed 
on the land. On the other hand, the earth- 
closet is undoubtedly inferior in point of 
cleanliness and appearance to a well-kept and 
well -flushed water-closet. It is also less free 
from objectionable odors. The use of the dry 
earth system on a large scale, especially in 
two-stoty closet structures, as required by the 
hotels, is attended with some difficulty. A 
large quantity of suitable dry earth or loam is 
required. The method of throwing earth by a 
scoop to cover the deposits is hardly sufficient 
and reliable in the case of hotels, and more or 
less complicated mechanical arrangements for 
distributing the earth, to enable each user of 
the closet to cover the excreta at once, must be 
provided; and these, although obtainable in 
the market, may prove, in the end, almost as diffi- 
cult and troublesome to take care of as a simple 
flushing rim hopper water-closet. The coUec- 
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tion and removal of the earth boxes or pails 
must be attended to with regularity and fre- 
quency; and thus the management of such 
dry systems may also prove an obstacle in the 
case of the larger hotels. 

Taken as a whole, I believe that ultimately 
all hotels should be fitted up with a system of 
interior plumbing and water-closets. While it 
would be unreasonable to expect to find at 
summer hotels, where the season is only short, 
all the refinements of plumbing work, such as 
are becoming more usual in the larger cities, 
the leading principles of safe sanitary house 
drainage should be observed in the construc- 
tion and arrangement of the water-closets, 
sinks, bath-tubs, and wash-basins. 

The amount of plumbing work in the hotels 
should, preferably, be as small as possible, and 
all the sanitary arrangements should be of the 
most simple yet efficient character. Plumbing 
fixtures should be confined to the water-closets 
and urinals, the slop sinks, possibly a few bath- 
rooms, the kitchen, scullery, pantry and 
laundry. No plumbing fixtures should be put 
in bedrooms under any consideration. But 
wherever sinks or basins are placed, with 
waste-pipes and traps, the pipes should have 
the fullest possible ventilation up through the 
main roof, and the traps should be rendered 
safe against siphonage or back pressure, and 
this applies particularly to the kitchen and 
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laundry department of hotels, where, as a rule, 
the plumbing work is found to be in a more 
neglected state than in the apartments accessi- 
ble to the hotel guests. 

It is safe to assume that, at least in some 
cases, defective sanitary conditions may be 
attributed not to indifference or carelessness of 
owners, but to the existing doubts as to which 
course to pursue or what remedy to adopt. It 
is a frequent experience elsewhere, that where 
a feasible, practical, inexpensive, and not too 
radical remedy is suggested, hotel keepers, as a 
rule, are quite ready, and even anxious to adopt 
the suggestions and to introduce sanitary im- 
provements. 

Each succeeding year will undoubtedly bring 
more attention to the details of sanitary con- 
struction. Meanwhile, let hotel keepers bear 
in mind that it is their sacred duty to provide 
for their guests a pure and wholesome water 
supply, good food, pure air, thorough drainage 
and neat surroundings, free from all soil pollu- 
tion. Let them spare neither pains nor 
expense to realize this; let them secure the 
best expert talent to have their places annually 
re-inspected, and when the more palpable 
defects are pointed out, let them engage good 
mechanics to obtain the best possible work- 
manship in the putting in order of their 
sanitary arrangements. 
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Finally, I quote from a report which 
I prepared in the year 1885 on the 
sewerage and sewage disposal of Coney 
Island, a small watering place near New 
York City: 

Diapoaal of Sewage at Coney Island, 

Having explained how the sewage of Coney 
Island can be removed from the buildings in a 
rapid and thorough, yet economical manner, the 
next question requiring consideration is what 
to do with the sewage accumulating in the col- 
lecting reservoir at the pumping station. Un- 
less float experiments demonstrate conclusively 
that the existing lateral current in front of the 
beach is sufficiently strong and of such a direc- 
tion as to prevent the ultimate return to the 
beach of any sewage or floating bodies discharg- 
ed at a considerable distance from the shore 
into the sea, this method of getting rid of the 
sewage should evidently not be adopted. It 
would, also, obviously be wrong to deliver the 
crude sewage into Coney Island Creek, without 
any attempt at purification by removing the 
suspended as well as part of the dissolved or- 
ganic impurities. 

Assuming that a purification is necessary, the 
first thing to be done is to remove the foreign 
solid and coarse floating matters, which can bo 
readily accomplished by suitable mechanical 
separation by means of straining arrangements. 
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This should be done before the sewage is lifted 
from the collecting reservoir. The strained 
sewage contains much dissolved matter as well 
as finer flocculent or suspended particles, which, 
while fresh, form fertilizing substances of some 
value to the farmer. Hence, the idea at once 
suggests itself of utilizing the sewage on the 
land. While we do not entertain any hopes 
that the disposal of the sewage by irrigation 
over, or by filtration through, land will prove 
in the end very remunerative, yet we are con- 
vinced that it would not be difficult to obtain 
in the town of Gravesend sufficient grounds on 
the mainland between the ridge and the creek 
Where broad sewage irrigation, or else inter- 
mittent downward filtration, might be practiced, 
in such a manner as to at least pay expenses. 
The disposal of sewage by irrigation over, or by 
filtration through, land is based upon the purify- 
ing qualities of the upper strata of the soil, assist- 
ed by the absorption of the nutritive elements of 
sewage by vegetation. To be managed success- 
fully it requires that the sewage be delivered in 
the irrigation field in a fresh condition. It also 
demands a thorough under-drainage of the irriga- 
tion field. The land should always be subdivided, 
And use made at the time of only one section, 
while the others are being purified by oxida- 
tion. Thus it will be possible to avoid the sat- 
uration of the soil with sewage and moisture. 
If this plan of sewage purification is adopted at 
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Coney Island the pumping station should be 
located near the Coney Island Creek, and from 
it the sewage should be delivered in a pressure 
conduit to the irrigation farm. If the price of 
the land should prevent the purchase of a suffi- 
ciently large area to practice broad irrigation, 
it may be advisable to purify the sewage, first 
by chemical treatment, and subsequently by fil- 
tration through the soil. Since it costs more or 
less to adapt a tract of land to sewage farming, 
it may be advisable to reduce the area required, 
by removing first some of the impurities of 
sewage by a system of precipitation. This is a 
question which can be decided only by detailed 
estimates. It should be remembered, however, 
that Coney Island seems to ofEer special facili- 
ties for irrigation, as the amount of sewage is 
large only during the summer months, at a 
time when the desired purification by land is 
much assisted by vegetation, while during the 
winter season the amount is so small as to give 
the land ample time for self -purification. 

If, for any reasons which it is impossible to 
foresee, it should be difficult to obtain farm 
f lands for sewage irrigation, the sewage should, 
after straining, be clarified and purified by 
chemical precipitation, in large and suitably 
constructed settling tanks. While it is not, at 
present, feasible, by any of the known chemical 
processes, to restore sewage to the purity of 
ordinary water, it is at least possible to reduce 
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the amount of impurities in solution to such an 
extent as to render the resulting effluent fit to 
be admitted into a water-course. In the particu- 
lar case of Coney Island all that can reasonably 
be demanded is that, the effluent may be deliv- 
ered into Coney Island Creek or into the sea 
without, in either case, creating a nuisance dan- 
gerous to health, or even causing offense to sight 
or smell. "Without entering into a detailed 
consideration of the many processes of chem- 
ical precipitation, the choice would seem to be 
restricted to the lime process, the A-B-C pro- 
cess, the sulphate of alumina and lime process, 
and the process using perchloride of iron as a 
precipitant. It is not necessary to enter at 
present into a consideration of the construction 
of the settling tanks, the mixing apparatus, and 
the various details required for the successful' 
operation of a chemical precipitation process. 
The processes named, none of which have been 
put to a practical test on a large scale in this 
country, have all given more or less good results 
in England. All of these processes arrest, to 
a certain extent, decomposition, and cause the 
products to be comparatively inodorous and 
inoffensive. Preference should, obviously, be 
given to a process which effects a rapid, and at 
the same time maximum, amount of precipita- 
tion of sewage impurities with the minimum 
amount of resulting sludge ; for the disposition 
to be made of the latter presents some difficulty. 
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The lime process is in this respect said to be 
inferior to the other processes named, besides 
giving an effluent which is injurious to fish. 
The resultant sewage sludge, usually consisting 
of ninety per cent, of water, must be dried arti- 
ficially and thus be reduced in volume, in order 
to be in a removable and transportable shape. 
It does not constitute a manure of high value, 
yet it is believed that farmers could make use 
of it, and would gladly take it at the actual 
cost of manufacture. Attempts have at various 
times been made to manufacture the sewage 
sludge into cement, or bricks, by the addition 
of suitable ingredients. The best method of 
treating sewage sludge at present known ap- 
pears to be to reduce it in volume in large filter 
presses, the resulting product being a circular 
cake which can be readily handled. But, 
whatever the process of manufacture be, care 
should be taken to prevent its creating a nui- 
sance.- 

It should be borne in mind that the laws of 
health should be primarily considered, and that 
the aim should be not so much the creation of 
a marketable article, as the purification of sew- 
age and the rendering it innocuous. If this 
can be done in a manner so as to cover actual 
running expenses, including the interest on 
first cost of the purification apparatus, all that is 
necessary and desirable would seem to be ac- 
complished. In the present state of the sewage 
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question it is not considered feasible to manu- 
facture from town sewage an artificial manure 
which will .realize large and handsome profits. 

If chemical purification only is adopted, 
without subsequent further purification of the 
efttuent by irrigation or land filtration, the 
pumping station may be located either near the 
Coney Island Creek, at the rear of the district 
to be sewered, or else at the western extremity 
of the island, if discharge into the sea when the 
ebb tide sets in, is preferred. This plan would, 
.of course, require the laying of a much longer 
suction main, and may prove objectionable on 
that account. 

Should it be considered inadvisable to dis- 
charge the effluent into the sea after purifica- 
tion by straining and chemical precipitation, 
it may be further treated by filtration through 
a large Farquhar-Oldham sewage filter, the 
chief characteristic of which consists in the 
revolving cutter which removes the surface of 
the filtering material, usually sawdust, as soon 
as it becomes clogged, thus practically estab- 
lishing, at intervals as often as may be desired, 
a new filter. This additional mechanical filtra- 
tion would without doubt render the sewage 
sufficiently pure to allow of its being discharged 
into the Coney Island Creek. 



154 

III. 

HABITATIONS IN CITIES AND 
TOWNS. 

In cities and towns, it is most essen- 
tial that all foul water from the house- 
hold be removed as rapidly as possible. 
Moreover, it is imperative from a sanitary 
point of view that all semi-liquid and 
solid excreta be removed with prompt- 
ness and regularity. It is finally abso- 
lutely necessary that all such liquid filth 
as constitutes town sewage be disposed 
of in a manner so as not to cause a 
nuisance. If we consider that the 
quantities to be removed and disposed 
from a densely populated town are enor- 
mous, the magnitude and difficulty of the 
problem become at once apparent. 

Garbage Kemoval and Disposal. — 
The prompt and thorough collection, re- 
moval and disposal of garbage from city 
- and town houses is only second in import- 
ance to a proper system of sewerage, and 
the efficiency with which the collection 
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and removal are accomplished has, with- 
out doubt, a very great influence upon the 
health and comfort of the community. 
The laws of health require that, in order 
that no nuisance may be caused^ offal and 
dry house refuse should be removed from 
habitations and their immediatesurround- 
ings and from streets, alleys and public 
squares with the greatest regularity, and 
before decomposition sets in. 

The removal of garbage should be 
effected promptly and quickly, in well- 
covered, water-tight wagons, by a house- 
to-house call, preferably in the early 
morning hours. It may be done either 
by a scavenging contractor or else di- 
rectly under the superintendence of the 
municipality. The latter system, wherein 
the city authorities own suitable scaveng- 
ing apparatus and the necessary wagons 
and horses and employ their own drivers 
and scavengers, has much to recommend 
it. All owners or tenants are required 
to place, at or shortly before the time 
fixed for removal, the kitchen refuse ac- 
cumulated during the previous day, at or 
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near iho street curb. Dast bins or fixed 
receptacles for house refuse are not com- 
mon in American cities, although in some 
cases they are used for large tenement 
houses. They are on many accounts ob- 
jectionable^ and being located near the 
house they often cause a serious nuisance. 
If adopted for tenement houses, they 
should be well protected against wetting, 
should be kept small in size, thoroughly 
cleaned, and frequently disinfected. 

Movable receptacles are far better. 
Such receptacles for kitchen refuse should 
not be of wood (barrels or boxes) but of 
metal, preferably circular in shape, and 
of a strong and easily portable construc- 
tion. The iron should be galvanized, or 
otherwise efficiently protected against 
corrosion. The vessel should have suit- 
able handles, as well as tight-closing lids 
or covers: first, to prevent the offensive 
contents from being exposed to the sun 
and to the eyes of the passers-by; second, 
to avoid as much as possible the annoy- 
ance caused by their emitting noxious 
odors; lastly to prevent their contents 
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Irom being scattered aboijt m the streets, 
either by the ioroe of the wiad, or else by- 
being aocideataJly or purposely upset. The 
covering up of swill barrels is also of im- 
portance in wder to prevent the oofitents 
from being wetted dujing a rain storm, or 
from moisture in the atmosphere. Jm- 
mediately 4rfter being emptied^ the swill 
receptacles should be removed from the 
streets. This rule should be enforced 
in every oity and town by proper ordi- 
imnces* 

For large city houses or build- 
ings, such as hotels or restaurants, it 
may be better to provide a double set of 
receptacles; one to be taken and placed 
on the wagon, removed and returned the 
next morning, the other meanwhile being 
gradually filled. This would avoid alto- 
gether the objectionable disturbance 
caused by emptying the contents of the 
barrel into the garbage wagon in front 
of the building. 

The details of the construction of gar- 
bage carts are matters not properly be- 
longing to the subject of this book. Suf- 
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fice it to mention that such carts should 
be absolutely water-tight and imper- 
vious, to prevent the possibility of filth 
absorption. The covers of the carts should 
fit tightly, so as to avoid the spread of 
objectionable odors while the wagons are 
pjissing through the streets. The carts 
must, of course, be frequently and thor- 
oughly scrubbed, washed, cleaned, aired, 
and kept in good repair. 

Mineral refuse, ashes, cinders, sweep- 
ings, rubbish, etc., should not be mixed 
with any organic refuse from the house- 
hold. In fact, the aim should always bo to 
keep the ashes as free as possible from ad- 
mixture with filth of any kind. Then, and 
only then, they may be used with advan- 
tage to fill in low spots, building lots, or 
for the grading of streets and sidewalks. 
If ashes, as is unfortunately so often the 
case, become mixed with refuse, street 
sweepings, foul liquids, and decomposing 
animal or vegetable matter, the disgusting 
practice of dumping the obnoxious mix- 
ture upon future building sites should not 
b3 permitted by health boards, as it is 
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obvious that habitations erected upon 
such sites must be very unhealthy. 

While it is possible to keep the ashes 
free from moisture, and from animal or 
vegetable matter, it is next to impossible 
in city houses to keep the coarser miscella- 
neous house refuse separate. Where large 
quantities of litter accumulate,as in work- 
shops, stores and office buildings, tenants 
should provide separate vessels, which 
should not be too heavy, so as to facili- 
tate the work of the scavengers. Litter 
and waste paper should not be thrown 
into the ash barrel, but must be either 
burned up or else disposed of to rag 
sellers. Everything harboring dust, such 
^s old clothing, etc., should be gotten rid 
of from habitations quickly, I consider a 
fixed ash-pit as much objectionableas the 
dirt or dust bin. For ordinary cases ashes 
and rubbish may be collected together 
in special portable ash barrels, fitted with 
well-closing lids, to prevent the scattering 
about of ashes and dirt, and the admix- 
ture of rain-water. They are then removed 
in separate ash -carts, covered with canvas 
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or tightly-fitting lids. Where both ashes 
and organic solid refuse are ihiis prompt- 
ly collected and removed from habita- 
tions, cleanliness is readily maintained. 
But great difficulties are experienced in 
cities in keeping the kitchen (or organic) 
refuse and the ashes (or mineral refuse) 
separate, particularly in tenement dis- 
tricts. 

A good method of disposal of the 
ashes and coarse house refuse is to 
have them carted and dumped upon a 
lot outside of the city limits, specially 
provided for this purpose, where they 
may be screened, sifted, picked and 
sorted. Many hard refuse substances, for 
instance, old iron, tin, glass, bottles, 
lead, are sold by the scavengers to junk 
dealers, or given away to those who are 
willing to remove them promptly for 
the sake of the value of the material. 
"Whatever rags, paper, litter, have not 
been picked out by the industrious rag- 
picker in the city streets, may be sold to 
rag dealers; straw, matting, shavings, 
pieces of baskets, etc., may be burnt up. 
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Kitchen refuse or swill may be dis- 
posed of in many cases to farmers or 
iharket gardeners, who use it to feed 
swine or to convert it into compost or 
manure for their land. Kitchen grease 
is sold to soap-makers, bones to bone 
factories, who grind them and manufac- 
ture bone powder and fertilizing manure, 
meat offal may be sold to, and removed 
by, rendering establishments. 

In the case of seaboard cities, the 
refuse material is often dumped upon 
hopper barges, and carried out to sea, 
into deep water, to a suflSoient distance 
to make sure against deposits being 
washed back to the shore. In cases 
where towns are not so situated as to be 
able to sell the refuse to farmers, it may 
be mixed with sewage sludge and pressed 
into cakes or ground to powder. 

Where all of these methods are unavail- 
able the best thing to do is to burn and 
destroy the refuse by subjecting it to 
the all-purifying action of fire, in a gar- 
bage cremator. Whatever the construc- 
tion of this may be, it should not be 
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located too close to habitations, and the 
gases should be made to pass under the 
grate of the flame, so as to be purified 
brfore passing out of the chimney and 
perhaps causing defilement of the atmos- 
phere in the neighborhood. For a de- 
tailed description of garbage cremators, 
I must refer the reader to valuable 
articles by Dr. S. S. Kilvington, Health 
Commissioner of Minneapolis, published 
in the Transactions of the American 
Public Health Association. 

Sewage Disposal. — As regards the 
removal of house sewage, it is of the 
utmost importance to keep it as an 
entirely separate matter from the gar- 
bage removal. By the careless admix- 
ture of both kinds of household wastes, 
the greatest nuisances are often created. 
That a pail of slops or of kitchen water 
should not be disposed of by being 
thrown into the garbage pail or ash 
barrel, is not a difficult matter to teach 
the domestics. It is much more trouble- 
some to avoid the improper disposal of 
garbage or of coarse house refuse, such 



as entnn^rated in the beginning rf this 
volume, by attcrtnpting to pass it through 
the plumbing fixtures, their traps and 
wAste pipes, into the main soil pipe. 
That oH rags, napkins, towels, brushes, 
orange peels, and occasionally bottles are 
thrown into water-closets is a constant 
complaint of plumbers, and a source of 
trouble and expense to landlords, par- 
ticularly of tenement houses. It is juat 
here where an intelligent use and man- 
agement of plumbing work is required. 
It should be understood that all plumb- 
ing in houses is intended only for the 
removal of liquid household wastes and of 
excreta, and that all other refuse matter, 
of whatever kind, size or character, must 
be disposed of by a dry system of removal. 
As to the sewage proper, the points to 
be observed by the householder to secure 
its efficient removal and disposal from 
city houses are that the sewage must be 
removed from the premises instantly, 
quickly and thoroughly. Cesspools 
under houses, with overflows into the 
street sewer, brick sewers large enough 
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to fprm elongated cesspools, and vaults 
outside of the house, such as may be 
found in Philadelphia by the hundred, 
are an abomination, and should not be 
tolerated. Of course I assume that 
every built-up lot has a sewer in the 
street, or Jn the alley in the rear of the 
house. The house owner should ascer- 
tain whether this sewer, to which he 
wishes to connect, is intended for the 
removal of house sewage only, or 
whether it is also to remove the storm- 
water from roofs, yards and streets, as 
the arrangement of his house pipes will, 
to some extent, depend upon this. He 
must also look into the question of sewer 
ventilation, for this is at times intended 
to be accomplished by a direct and unin- 
terrupted connection of all houses with 
the sewers, in which case each house soil 
pipe, properly tightened and extended 
above the roof, helps to ventilate the 
sewer. In case this system is adopted 
by a city —and it is a good one for a well- 
built, well-arranged, well-flushed and 
well- ventilated system of sewerage— the 
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householder must leave out the trap on 
the main drain. He must under all cir- 
cumstances see to it that the connection 
with the main street sewer is well made, 
according to the best engineering prac- 
tice. He should see to it that his house 
drain does not run into an outside ^cess- , 
pool nor into a filth-reeking vault with 
overflow to the sewer. 

Inside of the dwelling he has, of 
course, many other things connected 
with the drainage of his house to look 
after, but they are foreign to the subject 
of this paper, and have been exhaustively 
described and discussed by the author 
in his other books. 

If a house drain is well laid, well 
flushed and well ventilated, the immedi- 
ate removal of all sewage is secured, and 
any stagnation whatever on the premises 
avoided. All sewage is delivered to the 
sewer in a fresh condition, and thus each 
house will help in accomplishing ita 
removal to the outlet in the shortest 
possible time, whereby its disposal with- 
out nuisance is much facilitated. 
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What this disposal of the sewage of a 
city shall be, whether the sewage may be 
directly emptied iuto a river or tidal 
estuary, or discharged into the sea, or 
whether the sewage must be clarified and 
purified, before being admitted to any 
water-course; and again, whether such 
purification shall be accomplished by 
application to land, or by chemical treat- 
ment, by intermittent downward filtra- 
tion, or by irrigation, by precipitation, 
or subsidence, or else by a combination 
of some of these processes, is a broad 
subject, in which municipal authorities 
are more directly concerned than the 
individual householder. The work of 
the latter may be defined as commencing 
at the junction between the house and 
the street sewer. 

The questions just referred to, as well 
as those relating to the choice of the 
best system specially adapted in cities 
to the removal of excreta, whether by 
ordinary water carriage system (separate 
or combined), by pneumatic system 
(Liemur, Shone or Berlier), or by some 
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pail or tub syBtem, or earth or ash- 
closet Bystem, exceed the limits of this 
volume. These questions are so broad 
in character as to require a thorough and 
separate treatment. 

But, whatever system may be adopted 
in cities and towns, it is established 
beyond question that all kinds of cess- 
pools must be prohibited; that in particu- 
lar the use of abandoned wells, as cess- 
pools, must be regarded as a relic of bar- 
barism, and that privy- vaults, with or 
without sewer connections, ought to be 
done away with. In other words, all 
stagnation of sewage matters^ with its 
unavoidable putrefaction^ must be 
avoided. 
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I. 

SPECIFICATION FOR LAYING HOUSE 
DRAINS AND PIPE SEWERS. 

1. — MATERIALS. 

No materials of any kind to be used until 
they have been inspected and accepted by the 
engineer in charge. All rejected materials to 
be plainly marked and removed. 

(a) Vitrified Earthen Sewer Pipe. — All vitri- 
fied pipe to be first quality salt-glazed sewer 
pipe, perfectly straight, circular and true in sec- 
tion, two and three feet long, of a uniform thick- 
ness of not less than | inch, free from cracks, 
flaws, blisters, fire-cheeks or other defects or 
irregularities; to be sound and hard-burnt 
throughout, and not brittle, to be smooth and 
impervious on the inside, and highly glazed on 
the inside and outside, except at the pipe ends. 
All pipe to be socket pipe, with hubs not less 
than three inches deep, true and circular, and 
concentric with the bore of the pipe. 

{b) Fittings or " Specials." — All fittings, such 
as Y branches, Ts, elbows, handholes, re- 
ducers, etc., to be of same quality, character 
and strength as specified for pipes. 

(c) Iron Pipes and Fittings. — Iron pipes shall 
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be used only wherever specially directed by the 
superintending engineer. Iron pipe shall be 
cast in a vertical position, and shall be truly 
cylindrical, of length, weight and thickness 
specified, with strong hubs, and joints shall 
be properly leaded and calked. [Here insert 
detailed requirements for iron pipes and fit- 
tings.] 

{d} Cement. — Hydraulic cement for making 
pipe joints tp be a good, pure, quick-setting 
brand of Eosendale or Portland cement, as 
may be selected, to be fine and freshly ground. 
Cement to be subject to inspection and proper 
tests by the superintending engineer, who may 
reject all cement of improper quality. All 
cement not immediately used, to be kept well 
protected from the weather. 

(e) Sand. — To be clean, sharp, silicious sand, 
free from all dirt, dust, loam or other foreign 
matter. 

(/) Mortar. — Hydraulic cement mortar to be 
made up as follows: to consist of one part 
hydraulic cement and two parts of sand, meas- 
ured .quantities. Cement and sand to be 
mixed dry, and to be wetted up only in small 
quantities as used, and with just enough water 
added to make a paste of proper consistency. 
No lime to be used in the mixture. No mortar 
to be used that has begun to set. 

(g) Concrete. — Concrete to be composed of 
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one part, oem^it morter, made up as specified, 
and of five parts broken stone. The broken 
stones to be wetted up and mixed with the 
mortar paste in a thorough manner by several 
turnings of the shovel. All mixing to be done 
in boxes or on a tight board floor. The con- 
crete, after being thrown in place, in layers not 
over nine inches thick, to be tamped with 
wooden rammers. No concrete left over at the 
close of the day, to be used afterwards on the 
work. 

(h) Brick. — Use only best quality whole 
bricks, hard-burnt and regular and uniform 
in shape and size; all bricks to be free from 
deep fire-cracks, and to ring sharply when 
struck together. All bricks to be inspected 
upon delivery, when all of an improper quality 
will be rejected, and £^1 so condemned to be at 
once removed. 

n. ^WORKMANSHIP. 

(a) Exca/ocation and Trenching, — All excava- 
tion shall be done in open cuts from the sur- 
face to the necessaiy depth, and no tunneling 
will be allowed, except by special direction of 
the superintending engineer. Trench for drain 
pipes to be carefully excavated, to have per- 
fect, alignment, to be opened only as wide as 
necessary, to have sloping or vertical sides, as 
may be directed, to have sides suitably braced 
and supported by plank shoring, wherever re- 
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quired, to prevent any caving in of the sides ; to 
liave the bottom trimmed perfectly to the exact 
grade, and shaped as nearly as possible to fit 
the lower half of the pipe, and to have at each 
pipe socket special grooves cut, in order to 
give the pipes a firm bearing throughout their 
whole length. The excavation at each joint to 
be at least six inches wider than the pipe, to 
enable the workmen to make the pipe joints 
properly. The trench shjJl be dug to within 
six inches of grade by measurement from the 
grade stakes on the street. The last six inches 
shall be taken out after grade pegs have been 
set in the bottom of the trench by the engineer. 
Grade and alignment will be given by the en- 
gineer every 25 feet on stakes set in the trench 
bottom. Not more than 150 feet of trench 
shall be opened in advance of the completed 
sewer. Trenches to be kept free from water 
during pipe laying. 

(b) Pipe Laying. — Vitrified pipes to com- 
mence at a distance of five feet beyond the 
foundation walls of the building. Before low- 
ering pipes into the trench, the pipe sockets to . 
be examined with special care for cracks or 
flaws, and pipes to be matched and fitted, so as 
to form a true line when laid. Pipes with per- 
missible defects are to be so laid as to have 
the defects on top of the pipe. Pipes to be 
laid to the exact grade staked out, and in 
perfectly straight alignment. Deviations from 
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straight line must not be made with, straight 
pipes, but with special curved pipes of large ra- 
dius. Pipes to be laid with the socket up grade,, 
and at a depth of not less than three feet, in 
the case of house drains, as a protection against 
frost. Pipes to be joined in such a manner that 
the flow line will be true and even, in order to 
prevent stoppages. All branches to join the 
main line by Y branches, pointing in the direc- 
tion of the flow. No T branches to be used, 
except for cleaning handholes and lampholes. 
Inspection and cleaning handholes to be loca- 
ted on the line of the main drain, at distances of 
fifty feet, or wherever directed. No pipes shall 
be laid and jointed during freezing weather. 

(c) Pipe Jointing. — The joint between the 
end of the iron house drain and the earthen 
pipe sewer to be made perfectly tight by 
means of pure hydraulic cement. 

Joints of vitrified earthen pipe to be made 
as follows: The space between spigot and 
hub, if the hub is sufficiently deep, to be filled 
first with a small gasket of oakum, to prevent 
any cement mortar from entering at the joints. 
The remaining space to be entirely filled with 
mortar, which must be applied with particular 
care at the bottom of the joint, where the 
mortar should be firmly pressed in with the 
fingers. Water accumulating in the hollowed 
grooves must be removed before applying 
mortar to the joint. Some cement should 
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be wiped smoothly to the face of each pipe 
socket, and cut in a bevel, and, as soon as 
the joint is finished, the grooves shall be filled 
with earth in order to support the cement at the 
joint until the cement has had time to harden. 
The utmost care to be observed, after a joint 
is made, to prevent any disturbance of the 
pipes by stepping on them or otherwise. The 
inside of each pipe joint to be thoroughly 
cleaned from any projecting oakum or cement. 
Each length of pipe to be covered in the cen- 
ter with a few inches of earth, in order to 
steady it and to prevent any pipes from mov- 
ing. Wherever vitrified pipe drains or sewers 
pass close by trees, the joints shall be sur- 
rounded with concrete, so as to protect the 
pipes from the roots of trees. 

(d) Pipe Foundations. — All earthen pipes to 
be laid on a firm bed. In the case of a loose 
soil, a bed of gravel or sand, or else a concrete 
foundation, as the superintending engineer 
may direct, shall be prepared so as to properly 
support the pipes. 

(e) Testing Earthen Drains. — Before refilling 
the trenches for outside drains, the earthen 
pipes and pipe joints are to be tested by closing 
the main outlet and filling the pipes with water, 
80 as to have a pressure at the lower end of 
drain, corresponding to at least 12 inches head 
of water. If the total vertical fall is such as 
to bring a too heavy pressure (exceeding 5 lbs. 
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per square inch) on the pipes, the drain musfc 
be tested in sections. All joints to be proven 
tight to the satisfaction of the superintending 
engineer. The contractor is to furnish the 
plugs to close pipe outlets, and is to fill the 
pipes with water, and to do all work required 
in connection with this test. 

(/) Refilling Trenches, — After inspection of 
the sewer and testing the pipe joints with 
water, the back-filling shall be done with great, 
care, in order not to disturb the pipes. The 
earth used for filling must be free from stone, 
and is to be thrown in layers of not more than 
twelve inches in depth, and the back-filling 
must be well tamped, rammed or puddled 
to make the trench compact, and to prevent 
the slightest settling. 

ig) Branches, Handholes, Lampholes, Man- 
holes, Flush tanks. — Y branches for connec- 
tions, lampholes, handholes and manholes, to 
be placed wherever directed. Openings of Y 
branches to be closed by earthen caps, ce- 
mented into the socket, to prevent obstruc- 
tions. 

Handholes or special sewer pipes with de- 
tachable cover, giving access to the pipe inte- 
rior, shall be placed at equal intervals, as may 
be directed. 

Lampholes shall consist of T branches 
placed in an upright position on the sewer line. 
The vertical pipe to be 6 inches in diameter, 
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to be carried within a foot of the street level, 
and top opening to be closed by suitable cover. 

Flush tanks shall be built in brick masonry, 
laid in hydraulic cement mortar, and made 
perfectly water-tight, so as to hold the water 
for flushing. The capacity, size, form and 
details of siphon and supply to be as per de- 
tail drawings furnished by the engineer in 
charge. 

Manholes to be constructed of hard-burnt 
bricks laid in cement mortar on concrete 
foundations. Thickness of all walls to be eight 
inches. The manholes to be four feet long by 
three feet wide at the bottom, and two feet diam- 
eter at the top. Manholes to be topped out with 
heavy cast-iron frames and covers as per detail 
designs. Wrought-iron steps to be built into 
walls of manholes as will be directed. Steps 
to be made of f inch round iron, to project 
three inches, to be twelve inches long, and 
about fifteen inches apart. Inside and outside 
of manholes to be rendered with pure cement 
mortar. 

All bricks to be thoroughly immersed in 
water just before being laid. 

No masonry to be laid during freezing 
weather, and all unfinished work to be duly 
protected. 
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II, 

SPECIFICATION FOR BUILDING A 
TIGHT CESSPOOL. ^ 

The cesspool for sewage is to consist, as 
shown in drawing, of two compartments, an 
intercepting chamber or catch-basin for solids 
and grease, and a larger chamber for liquid 
sewage. Cesspool is to be built complete and 
ready for use by the mason in accordance with 
the drawings accompanying the specifications. 

Both compartments are to be built circular 
in shape, the intercepting chamber to have 
five feet inside diameter and six feet in depth 
from water-line ; the liquid sewage chamber to 
have ten feet inside diameter and a depth from 
water-line to bottom of chamber of ten feet, 
[The dimensions here given must be altered to 
suit each special case. They depend on the 
size of the house, the number of its occupants, 
the number of plumbing fixtures, and the 
amount of water used daily in the household.] 

Walls of each chamber to be eight inches 
thick ; to be built of best quality hard burned 
bricks, laid in hydraulic cement mortar. The 
mortar to be mixed dry according to the fol- 
lowing proportion, viz., 1 part cement to 3 
parts sand, measured quantities. This mix- 
ture to be wetted up only as fast as needed for 
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use, and no mortar that has partly set to be 
re-tempered. The cement to be best quality 
Portland cement. The sand to be clean, sharp. 




silicious sand, free from clay, loam or dirt. 
No lime should be used at all. 
Bottom of both tanks to be slightly rounded 
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and pitching to the center. Bottom to consist 
of concrete, six inches thicic, well rammed. 
The concrete to be composed by measure of 
1 part of mortar, mixed as above, and 6 parts 
broken stones. The stones to be of a size to 
pass readily through a 2-inch ring ; to be pre- 
viously cleaned from all dirt, to be wetted up 
and then mixed with the paste, by frequent , 
turnings of the shovel. 

If preferred, the mason may lay the bottom 
with bricks set on edge and bedded in hydrau- 
lic cement mortar. 

Each tank is to be arched over, and, when 
finished, the floor, the walls and the dome are 
to be well rendered with a neat coating of 
cement. Both chambers are to be built abso- 
lutely and perfectly water-tight. Each cham- 
ber to be topped with a manhole, twenty 
inches in diameter, carried to the surface of 
the ground and covered with a cast iron tight- 
dosing manhole cover, set in an iron frame 
bedded in the masonry. 

Provide between the first and the second 
chambers, as shown, a 4-inch overfiow pipe, 
made of extra-heavy cast-iron plumber's pipe, 
with a Tee and a long dip in the first chamber, 
reaching to two feet below the surface of the 
water, to prevent the scum from being drawn 
into the overfiow pipe. Provide and set also 
two ventilating pipes, as directed by the super- 
intendent. The iron piping required to be 
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famished by the mason, who is also to set 
pipes in place and to fill up all holes with 
brick and cement, so as to make the whole 
perfectly tight. 

The back-filling around both chambers to be 
applied with great care, to be thoroughly ram- 
med, and, if found necessary, to be puddled 
with water to the satisfaction of the superin- 
tendent. 

The mason is to provide all materials and 
labor necessary for the complete and substan- 
tial execution of the cesspool, including all 
excavation, transportation, apparatus, cen- 
ters, scaffolds, etc., that may be required, and 
inclusive of the iron piping, as set forth above. 
• All materials to be the best of their respective 
kinds, and all workmanship to be of the best 
quality, and the whole to be completed to the 
satisfaction of the engineer in charge of the 
work. 

Should any rock excavation be required in 
making the excavation for the cesspool, this 
is to be paid for at a rate previously agreed 
upon between the owner, or his representative, 
and the mason. 

If any grading should be required around 
cesspool, this is to be considered extra work. 
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HI. 



SPECIFICATION FOR SUB-SURFACE 

IRRIGATION SYSTEM FOR A 

COUNTRY HOUSE. 

(a) Flush Tank. — The flush tank for sew- 
age disposal is to consist, as shown on draw- 
ings, of two chambers, an intercepting or 
settling chamber and a receiving or siphon 
chamber. Each chamber shall be circular in 
shape, of dimensions as stated in drawings. 
The settling chamber is to be the one nearest 
to the house, and the main house drain is to 
deliver into it near the top, as shown in draw- 
ings. On the line of the house drain between 
the house and the flush tank, and near to the 
latter, place a 5-inch earthenware main trap, 
with a 4-inch opening on the house side of 
said trap, from which a 4-inch pipe is to be 
carried above the level of the ground, to act as 
a fresh air inlet pipe. The opening of this 
pipe is to be suitably protected by a screen or 
vent cap against accidental obstructions. 

All walls are to be 8 inches thick and built 
according to plans, of best quality hard burnt 
bricks, laid in hydraulic cement mortar. The 
bottom of all chambers is to consist of bricks, 
set on edges and bedded in mortar, or else of 
best Portland cement concrete, six inches 
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thick. All comers shall be properly rounded 
as shown. Each chamber is to be arched over 
with a brick arch, four inches thick, and to be 
topped with a 20-inch manhole, for inspection 
and cleaning purposes. The manholes are to 
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be closed with heavy, tight, round iron covers, 
set in cast-iron frames. 

When built, the floor, the walls and the 
dome are to be well rendered with a neat coat- 
ing of cement. Each chamber shall be built 
absolutely water-tight. 
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Between the settling and the receiving cham- 
ber of the flush tank provide and set a 4-inch 
overflow, made of cast-iron plumber's pipe, 
with T branches and a long dip into the set- 
tling chamber as shown, to prevent any scum 
from being drawn into the overflow pipe. All 
holes around pipes are to be properly filled 
with brick and cement, so as to be thoroughly 
tight. 

Provide and set in siphon or discharging 
chamber a cast-iron automatic siphon such as 
may be selected by the owner. 

The back filling around both chambers must 
be done with great cai-e, to be thoroughly 
rammed, and, where necessary, to be puddled 
with water. 

All the mortar used in the work to be mixed 
dry according to the following proportions, 
viz. : 1 part cement to 2 parts fine sand, meas- 
ured quantities. This mixture to be wetted up 
only as fast as needed for use, and no mortar 
that has partly set to be re-tempered. The 
sand to be clean, sharp, silicious sand, free 
from clay, loam or dirt. No lime to be used 
at all. 

(b) Siphon. — If the owner selects the Field 
annular automatic siphon, it shall be made and 
set up as follows : 

The Field annular siphon is constructed of 
plumber's heavy cast-iron pipe and of the spe- 
cial pieces -4, B and C. The piece A or cap with 
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handle is calked tightly in the usual manner 
into the hub of the 6-inch pipe. The piece B 
has three standards which act as support for 
the 6-inch pipe. Piece G is the weir, a single 
casting of peculiar construction, by means of 
which the siphon is brought into operation. 
Into the 3-inch hub of this weir is calked a 
2-inch iron pipe set with its hub downward. 
This 2-inch pipe forms the discharging limb of 
the siphon, while the receiving limb is formed 
by the annular space between the 6-inch and 
the 2-inch pipe. The outlet of the weir is 
calked into the hub of a horizontal 3-inch pipe, 
which in turn is calked into a 4-inch T branch 
receiving the safety overflow. The weir C and 
the 2-inch pipe must he set perfectly plumb ^ and 
the 2-inch pipe should be cut off at the top at 
the height to which the tank is to be filled. 
The 6-inoh pipe is cut of such a lengfch that its 
lower end will be at the proper height above 
the tank bottom, governed by the height of the 
standards, while, at the same time, the inside 
of the cap A is kept at 1^ inches distance from 
the top of the 2-inch pipe. 

The siphon should be set in the center of the 
tank, so that it may be readily got at through 
the manhole. The receiving (6-inch) limb can 
be lifted for inspection and cleansing. 

(c) Absorption Tiles. — Beyond the 3-inch 
length of soil pipe and the 4-inch overflow con- 
nection, shown in the drawing, the outlet of 
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the tank leading to the irrigation field may be 
of 4-inch vitrified pipe with cemented joints. 
This pipe should be laid two feet below the 
surface, as a protection against frost, and it 
should be laid with regular, although but 
slight, fall. Six inches in 100 feet is all that is 
necessary. ' 





The arrangement of the 2-inch tiles, at the 
irrigation field, depends, of course, mainly upon 
the surface or contour of the ground. Speak- 
ing generally, the lines should follow the con- 
tour levels. They should not have a greater 
fall than 2 or 3 inches per 100 feet. They 
should be laid, as nearly as the contour of the 
ground will permit, parallel to each other, and 
at distances of from 4 to 5 feet between the 
lines. 
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The absorption tiles should not be laid at a 
greater depth than twelve inches below the sur- 
face; a depth of ten inches is preferable. The 
tiles are laid in permanent earthen gutters, as 
shown, and should have open joints — with at 
least one-fourth inch space. These joints are 
covered with caps, as shown, as a protection 
against earth falling in from above. 

The 2-inch lines should branch from the 
main 4-inch conduit by means of special 
4 X 2 T or Y branches, opening out from the 
bottom. All the joints in the main conduit 
pipe should be cemented; those in the 2-inch 
branches should be cemented only where they 
are more than twelve inches deep ; all joints at 
less depth should remain open. 
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IV. 
SUGGESTIONS FOR A SANITARY CODE. 

A. — REGULATIONS REFERRING TO PRIVY- VAULTS, 
CESSPOOLS, AND EARTH-CLOSETS. 

1. Leaching cesspools shall be prohibited 
everywhere. 

2. Privy-vaults and cesspools shall not be 
permitted for any building in reach of and 
accessible to a street sewer. 

3. It shall be considered unlawful to connect 
any vault or cesspool of a building with a pri- 
vate sewer. 

4. No privy-vault or cesspools shall hereafter 
be built, except in accordance with the sub- 
joined regulations, and pursuant to a permit 
first obtained from the village or town authori- 
ties; nor shall any shed or cover be made or 
put upon or over the same, until it has been 
inspected by the proper inspector, and found 
to correspond to the regulations. 

(a) No privy- vault or cesspool shall be placed 
nearer than ten feet from a building, unless 
special permission is first obtained to do so. 

(h) Every privy-vault or cesspool located 
within a distance of 25 feet from any building 
shall be suitably ventilated by means of two 
4-inch pipes, the one kept at a height of about 
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7 feet from the ground, and the other carried to 
the nearest wall of the building, and from there 
upward to such a height that its upper termi- 
nus will be at least 10 feet above any window. 

(c) Every vault or cesspool to be constructed 
of suitable bricks, approved by the inspector, 
and with joints laid in best hydraulic cement 
mortar. 

The walls to be not less than 8 inches thick, 
and to be made perfectly water-tight, and ren- 
dered, inside and outside, with a neat coat of 
pure Portland cement, or else to be cemented 
on the inside, and to have on the outside a 
backing of at least 9 inches of well-puddled 
clay around and beneath such brick-work. 

{d) Each cesspool to be well and securely 
covered or arched over, and to be fitted with a 
well closing iron manhole cover for inspection, 
and to be rendered accessible for the purpose 
of removing its contents and cleansing the cess- 
pool. 

(e) No surface water or rain-water from lead- 
ers shall be discharged into any vault or cess- 
pool. 

(/) No cesspool or vault to have any con- 
nection by a drain pipe or otherwise with a 
street sewer. 

(g) Vaults and cesspools shall be cleaned out 
as often as necessary to prevent their overflow- 
ing on to the surface of the ground. 

{h) No person shall empty or cause to be 
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emptied any yault or cesspool unless a permit 
is first obtained to do so. The emptying shall 
be done in a manner so as not to cause any 
offense. 

(t) No contents of any vault or cesspool shall 
be transported through any street unless it be 
removed by means of an air-tight apparatus, 
which shall prevent entirely the escape of any 
noxious or offensive odors. 

5. Every person who shall construct an earth- 
closet in connection with a building shall fur- 
nish such earth-closet with a receptacle of suit- 
able construction and of adequate capacity, for 
drj earth or other deodorizing substance, and 
said receptacle shall be constructed in such a 
manner and so placed as to admit of ready 
access to said receptacle for cleaning purposes. 
Suitable means or apparatus shall be provided 
in connection with said receptacle for the 
effectual application of a sufficient quantity of 
dry earth or other deodorizing substance. 

Said receptacle shall be constructed of a 
capacity not exceeding 10 cubic feet. Said 
receptacle to be constructed of such materials 
and in such manner as to prevent any absorp- 
tion of filth deposited therein, or any leakage 
of any part of the contents of said receptacle. 
Said receptacle to be constructed in such a 
manner that it may not be exposed at any time 
to rainfall or to the drainage or waste liquid 
from the premises. 
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B, — RULES AS TO DISPOSAL OP SLOPS Al^D POL- 
LUTION OF STREAMS. 

1. It shall be considered unlawful to throw 
or cause to be thrown any chamber-slops or 
slop -water or sewage of any kind from habita- 
tions, or wastes from manufacturing establish- 
ments, into the ground about buildings, nor 
into any creek, pound, or open water-course. 

2. It shall be considered unlawful to allow 
any soakage into the ground from stables, barns, 
pigsties, cattle-yards, fowl-houses, or any soak- 
age of slop-water, liquid manure, or waste- 
water of any kind. 

3. A proper disposal of the slops shall be 
accomplished by ond of the following methods: 

(a) By connection with a street sewer. 

(b) Wherever no street sewer is accessible the 
waste-water to be run either into a tight cess- 
pool, built according to regulations, properly 
ventilated, cleaned and disaffected, or into a 
flush tank in connection with a system of sur- 
face or sub-surface irrigation, where ample 
grounds are available about a building for such 
purpose. 

C. — RULES AS TO REMOVAL OP GARBAGE AND 
ASHES, SNOW, ETC. 

1. It shall be considered unlawful to throw 
or allow to be thrown, any garbage or solid 
manure, swill or offal of any kind, on to the 
ground about buildings. 
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2. It shall be considered unlawful to allow 
the accumulation of garbage or offal, or any 
manner of refuse in or near habitations. 

3. Whatever garbage or refuse cannot be 
burned up in the range, and all that is not fed 
to fowls, pigs or other animals on the place, 
shall be kept in water-tight, well-covered re- 
ceptacles, that can be easily lifted, handled and 
emptied by one man, and these vessels shall be 
kept readily accessible to the garbage collector, 
and the offal shall be frequently collected and 
removed by water-tight carts, wagons or other 
vehicles, securely covered, but must not be 
kept exposed to view. 

4. Ashes shall not be mixed with garbage, 
but must be kept in separate, well-constructed 
iron vessels. 

5. It shall be considered unlawful to deposit 
or cause to be deposited any solid house refuse, 
garbage, or any kind of vegetable or animal 
matter on any empty building lot to fill the 
same up to grade. Screened ashes, entirely 
free from organic impurities, may, however, be 
used for such purpose. 

6. It shall be considered unlawful to throw 
or place any coal or wood ashes into or upon 
any paved street or sidewalk, except in suitable 
boxes or vessels on the sidewalk, near the curb- 
stone. 

7. It shall be considered unlawful to suffer 
or permit snow to remain more than six hours 
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after the same has ceased to fall upon any 
paved footway or gutter in front of any building 
or vacant lot, and the occupier, or, if unoccu- 
pied, the owner of the lot, shall be held liable. 

8. It shall be considered unlawful to cast or 
throw down out of any cart, wagon, or other 
vehicle, rubbish, offal, filth, dirt, earth, animal 
or vegetable refuse of any kind, swill, the car- 
case of any dead animal, or any manure, urine, 
excrement or fllth from vaults, cesspools or 
privies, in any highway or into any vacant lot. 

9. It shall be considered unlawful to place, 
deposit or throw, or cause to be thrown, any 
broken glass, china, crockery-ware, cuttings of 
tin, sheet-iron, nails, hoop-skirts, or any other 
articles calculated to wound or bruise man or 
animal, on any public street or highway. 

10. It shall be considered unlawful to cast or 
throw, or cause to be thrown, on the sidewalks 
of public highways, any fruit or the peeling 
thereof. 

11. It shall be considered unlawful to throw, 
or cause to be thrown, on the sidewalks of 
public highways, any straw, hay, hoops, staves, 
shavings, sweepings, or rubbish of any kind, 
from stores, manufactories, shops or dwellings. 
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of the Use and Construction of Ditches, Flimies, 
Wrought-iron Pipes and Dams ; Flow of Water on 
Heavy Grades, and its Applicability, under High 
Pressure, lo Mining. Fifth edition. Small quarto, 
cloth. Illustrated 5 00 

BURGH (N. P.). Modem Marine Engineering, applied 
to Paddle and Screw Propulsion. Consisting of 86 
colored plates, 269 practical woodcut illustrations, 
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and 403 pages of descriptive matter. The whole 
being an exposition of the present practice of James 
Watt & Co., J. & G. Rennie, R. Napier & Sonn, and 
other celebrated firms. Thick quarto, half morocco. 10 00 

BURT (W. A.). Key to the Solar Compass, and 
Surveyor's Comi>anion. Comprising all the rules 
necessary for use in the field ; also description of 
the Linear Survevs and Public Land System of the 
United States. Notes on th*» Ba'-ometer, Suggestions 
for an Oufit for a Survey of Four Months, etc. Fifth 
edition. Pocket-book form, tuck 2 50 

CAU>W£IX, (O. C), and A. A. BRBNEMAN. 

Manual of Introductory Chemical Practice. For 
the use of Students iu Colleges and Normal and 
High Schools. Fourth edition, revised and corrected. 
8vo,cloth Illustrated 160 

CAMPIN (FRANCIS). On the Construction of Iron 
Boofs. A Theoretical and Practical Treatise, with 
wood cuts and Plates of Roofs recently executed. 
8vo, cloth. 2 00 

CARTER (B. T.)« Motive Power and Gearing for 

Electrical Machinery. A Treatise on the Theory 

« and Practice of the Mechanical Equipment of Power 

Stations for Electric supply and for Electic Traction. 

8vo, doth. Illustrated 5 00 

CHAMBER'S MATHEMATICAI< TABLES, con- 
sisting of logarithms of Numbers 1 to 108,000, Trigo- 
nometrical, Nautical, and other tables. New edition. 
8vo, cloth. ; 1 75 

CHAUVENET (Prof. W.). New Method of Correct 
ing Lunar Distances, and Improve 1 Method of 
Findmg the Error and Rate of a Chronometer, by 
Equal Altitudes. 8vo, cloth 2 00 

CHRISTIE (TT. WALLACE). Chimney Design and 
Theory. A Book for Engineers and Architects, with 
numerous half-tone illustrations and plates of famous 
chiiuDO s. ]2iuo, cloth 3 00 

CHURCH (JOHN A.). Notes of a Metallurgical 
Journey in Europe. 8vo, cloth.... 2 00 

CLARK D. (KINNEAR, C. E.). A Manual of Rules. 
Tables and Data for Mechanical Engineers. Based 
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on the most recent inveBtigations. Illustrated with 
numerous diagrams. 1,012 pages. Svo, cloth. Sixth 

edition .5 00 

Half morocco 7 50 

CIJLBK D. (KINNBAR, C. £.)• Fuel; its Combust- 
ion and Economy, consisting of abridgements of 
Treatise on the Combustion of Coal. By C W. 
Williams; and the Economy of Fuel, by T. S. 
Prideaux. With extensive adaitions in recent prac- 
tice in the Combustion and Economy of Fuel, Doal, 
Coke, Wood, Peat, Petroleum, etc. Fourth edition. 
12mo, cloth 1 50 

The Mechanical Engineer*s Pocket-book of Tables, 

Formulae, Rules and Data. A Handy Book of 
Reference for Daily Use in Engineering Practice. 
lOmo, morocco. Second edition 8 09 

Tramways, their Construction and Working, em- 
bracing a comprehensive history of the s^rstem, 
with accounts of the various modes of traction, a 
description of the varieties of rolling stock, and 
ample details of Cost and Working Expenses. 
Second edition. Re- written and greatly enlarged, 
with upwards of 400 illustrations. Thick 8vo. cloth. 9 00 

-^— The Steam Engine. A Treatise on Steam Engines 
and toilers ; comprising the Principles and Practice 
of the Combustion of Fuel, the Economical Cenera 
tion of Steam, the Cunstruction of Steam Boilers, and 
the Principle-», Construction and Performance of 
Steam Engines, Stationary, Portable, Locomotive 
and Marine, exempiiHed in Engines and Boilers of 
recent date. 1,300 figures in the text, and a series 
of folding plates drawn to scale. 2 vols. 8vo, cloth. 15 00 

€I^ARK (JACOB M.). A new System of Laying Out 
Railway Turn-outs instantly, by inspection from 
Tables. 12mo, leatherette . . 1 00 

CLAUSEN-THU (W.). The A. B. C. Univerwil Com- 
mercial Electric Telegraphic Code . especially 
adapted for the use of Financiers, Merchants, Ship 
owners, Brokers, Agent, etc. Fourth edition 8vo, 
cloth. 5 00 

The Al Universal Commercial Electric Telegraphic 

Code. Over 1,240 pp., and nearly 1»,000 vamtions. 
Svo.doth 7 50 
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CtEEMANN (THOS. M.). The Railroad Engineer's 
Practice. Being a Short but Completo Description 
of the Duties of the Young Engineer in the Prelimi- 
nary a&d Location Surveys and in Construction. 
Fourth edition. Revised and enlarged. Illustrated. 
12mo, cloth ... 1 00 

CLERK (DUG AliD). Auto-cars or Horseless Vehicles. 
About 300 pp., 60 illustrations (In Press.) 

CliEVENGEB fS. R.). A Treatise on the Method of 
Government Surveying as prescribed by the U. S. 
Congress and Commissioner of the Qeneral Land 
Office, with complete Mathematical, Astronomical 
and Practical Instructions for the use of the United 
States Surveyors in the field. 16mo, morocco 3 SO 

COFFIN (Prof. J. H. C). Navigation and Nautical 
Astronomy. Prepared for the use of the U. 8. Naval 
Academy. New Edition. Revised by Commander 
Charles Belknap. 52 woodcut illustrations. 12mo, 
cloth net. 8 60 

COIiE (R. S., M. A.). A Treatise on Photographic 
Optics. Beiog an account of the Principles of 
Optics, so far as they apply to Photography. 13mo, 
cloth, 103 illustrations and folding plates g 50 

COLI.INS (JAS. E.). The private Book of Useful 
Alloys, and Memoranda for Goldsmiths, Jewelers, 
etc. 18mo, cloth 50 

CORNWALIi (Prof. H. B.). Manual of Blow-pipe 
Analysis, Qualitative and Quantitative. With a 
Complete System of Descriptive Mineralogy. 8vo, 
cloth. With many illustrations 2 50 

CRAIG (B. T.\ Weights and Measures. An Account 
of the Decimal System, with Tables of Conversion 
for Commercial and Scientific Uses. Square 82mo, 
limp cloth 5C 

CROCKER (F. B.). Electric Lighting. A Practical 
Exposition of the Art, for use of Engineers, Students, 
and others interested in the Installation or Operation 
of Electrical Plants. Second edition. Revised. 

8vo, cloth. Vol. 1. The Generating Plant 8 00 

Vol.2 (InPress.) 



to D. VAN NOSTRAND COMPANY'S 

CROCKER, (F. B.), and S. S. WHEKI^R. The 

Practical Management of Dynamos and Motors. 
Fourth edition (eighth thousand). Revised and 
enlarged. With a special chapter by H. A. Foster. 
12mo, cloth. Illustrated 1 00 

OUBTMING (LINN^US W. A.). Electricity treated 
Experimental ly . Fo - the use of Schools and Students 
Newedition. 12mo, cloth 150 

DATIES (E. H.). Machinery for Metalliferous Mines. 
A Practical Treatise f • r Mining Engineers. Metallur- 
gists and Manufacturers. With upwards of 300 
illustrations. 8vo, cloth 5 00 

DAVIS (JOHN W., C. E.). Formulae for the Calcu- 
lation of Kailroad Excavation and Embankment, 
and for finding Average Haul. Second edition. 
Octavo, half roan.. 1 60 

DAY (CHARIiES). The Indicator and its Diagrams. 
With Chapters on Engine and Boiler Testing; 
Including a Table of Piston Constants compiled by 
W. H. Fowler. 12mo, cloih. 125 illustrations 2 00 

DERR (W. li.). Block Signal Operation. A Practical 
Manual. Oblong, cloth 1 50 

DIXON (D. B.). The Machinist's and Steam Engineer's 
Practical Calculator. A Compilation of Useful Rules 
and Problems arithmetically solved, together with 
Qeneral Information applicable to Shop-Tools, Mill- 
Oearing, Pulleys and Shafts, Steam-Boilers and 
Engines. Embracing valuable Tables and Instruc- 
tion in Screw cutting. Valve and Link Motion, etc. 
16mo, full mo. occo, pocket form. . . 1 25 

DODD (GEO ). Dictionary of Manufactures, Mining, 
Machinery, and the Industrial Arts. ISSmo, cloth ... 1 50 

DORR (B. F ). The Survevor*8 Guide and Pocket 
Table Book. 18mo, morocco flaps. Third edition. . . 2 00 

DRAPER (C. H.). An Elemen'ary T'^xt B^ok of 
Light, Heat and Sound, ^ ith Numer us Examples. 
Fourth edition. 12mo. clot u. Illustrated 1 00 

Heat and the Principles of Thermo-Dyr amies. 
With many illustrations and numerical examples. 
12mo, cloth 1 60 
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DUBOIS (A. J.). The New Method of Graphic 
Statics, l^ith 60 illustrations. Svo, cloth 1 fiO 

BDDY (Prof. H. T.)* Researches in Qraphical 
Statics. Embracing^ New Constructions in Qraphi- 
cal Statics, a New General Method in Graphical 
Statics, and the Theory of Internal Stress in Graphi- 
cal Statica 8vo,cloth 160 

Maximum Stresses under Concentrated Loads. 

Treated graphically. Illustrated. 8vo, cloth 1 80 

BISSLBB (M.). The MetaUurgy of Gold ; a Practical 
Treatise on the Metallurgical Treatment of Gold- 
Bearing Ores, including the Processes of Concentra- 
tion aud Chlorination, and the Assaying, Melting 
aDd Refinitig of Gold. Fourth Edition, revised and 
greatly enlarged. 187 illustrations. 12mo, cloth 5 00 

The Metallurgy of Silver ; a Practical Treatise on 
the Amalgamation, Roasting and Lizivation of Silver 
Ores, including the Assaj ing. Melting and Refining 
of Silver Bullion. 124 illustrations. Second edition, 
enlarged, 12mo, cloth . .. .... 400 

The Metallurgv of Argentiferous Lead : a Practi- 
cal Treatise on the Smelting of Silver Lead Ores and 
the Reflniog of Lead Bullion. Including Reports 
on Various Smelting Establishments and Descrip- 
tions of Modem Smelting Furnaces and Plants in 
Europe and America. With 183 illustrations. 8vo, 
cloth 500 

— Cyanide Process for the Extraction of Gold and 
its Practical Application on the Witwatersrand Gold 
Fields in South Africa. Second edition. Enlarged. 

8vo, cloth. Illustrations and folding plates 8 00 

A Hand-book on Modem Explosives, being a 
Practical Treatise on the Manufacture and use of 
Dynamite, Gun Cotton, Nitro-GIycerine and other 
Explosive Compounds, including the manufacture 
of Collodion-Cotton, with chapters on explosives in 
practical application. Second edition, enlarged with 
150 illustrations. 12mo, cloth 500 

5XIOT (O. W.), and STOBEB (F. H.). A compen- 
dious Manual of Qualitative Chemical Analysis. 
Revised with the co-operation of the authors, by 
Prof. William R. Nichols Illustrated. Nineteenth 
edition, newly revised by Prof. W. B, Lindsay, 12mo. 
doth. t» 
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BIXIOT (Maj. GEO. H.). European Light-House 
Systems. Being a Report of a Tour of Inspection 
made in 1873. 61 engravings and 21 woodcuts. 8vo, 
cloth 500 

KIXISON, (I.EWIS M.). Practical AppUcation of 
the Indicator. With reference to the adjustment of 
Valve Gear on all styles of Engines. Second edition, 
revised. Svo. cloth, 100 illustrations 2 00 

KTERETT (J. D.). Elementary Textbook of 
Physics. Ulustrated. Seventh edition 12mo, cloth 1 50 

KWING (Prof. A. J.). The Magnetic Induction in 
Iron and other metals. 159 illustrations. Svo, cloth 4 00 

aPANNING (J. T.). A Practical Treatise on Hydrau- 
lic and Water-supply Engineering. Relating to the 
Hydrology, Hydro-dynamics, and Practical Con- 
struction of Water- Works in North America. 180 
illustrations. Svo, cloth. Fourteenth edition, revis- 
ed, enlarged, and new tables and illustrations 
added. 650 pages 5 00 

BTSH (J. C. li.). Lettering of Working Drawings. 
Thirteen plates, with descriptive text. Oblong, 
9x12^, boards 1 00 

aerSKB (Lieut. BBADLBY A., V, S. N.). Electric- 
ity in Theory and Practices or. The Elements of 
Electrical Engineering. Eighth edition. Svo, cloth 2 50 

37SH£R (H. K. C. and DABBY, W. C). Students' 
Guide to Submarine Cable Testing. Svo, cloth 2 60 

FISHEB (W. C). The Potentiometer and its Ad- 
juncts. Svo, cloth 2 25 

»XKISCHMANN (W.). The Book of the Dairy. A 
Manual of the Science and Practice of Dairy Work. 
Translated from the German, by C. M. Aikman and 
B. Patrick Wright. Svo, cloth 4 00 

SXEMINO (Prof. J. A.). The Alternate Current 
Transformer in Theory and Practice. Vol. 1— The 
Induction of Electric Currents; 61 1 pages. New edi- 
tion. Illustrated. Svo, cloth 5 00 

Vo'. 2. The Utilization of Induced Currents. Illus- 
trated. Svo, cloth 6 00 

■ Electric Lamps and Electric Lighting. Being a 

course of four lectures delivered at the l^yal Insti- 
tution, April-May, 1894. Svo, cloth, fully illustrated 8 00 
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IXEMING (Prof. J. A.). Electrical Laboratory 
Notes and Forms, Elementary and advanced. 4to, 
cloth, illustrated BOO 

FOIi£Y (NELSON), and THOS. PRAY, Jr. The • 

Mechanical Engineers' Reference Book for Machine 
and Boiler Con struction , in ^ parts. Part 1 — General 
Engineering Data. Part 2— Boiler Construction. 
With fifty«one plates and numerous illustrations, 
specially drawn for this work. Folio, half mor . . .25 Oft 

FORNEY (MATTHIAS N.). Catechism of the Loco- 
motive. Second edition, revised and enlarged. 
Forty-sixth thousand. 8vo, cloth 3 fiflft 

FOSTER (Gen. J. G., U. S. A.). Submarine Blasting 
in Boston Harbor, Massachusetts. Removal of 
Tower and Corwin Bocks. Illustrated with 7 plates. 
4to, cloth 8 50? 

FOSTER (H. A.). Electrical Engineers' Pocket Book. 
1000 pages with the collaboration of Eminent. 
Specialists (Inpress> 

FOSTER (JAMES). Treatise on the Evaporation 
on Saccharine, Chemical and other Liquids by the 
Multiple System in Vacuum and Open Air. Second 
edition. Diagrams and large plates. 8vo, cloth .... 7 60^ 

FOWLER. Mechanical Engineers' Pocket Book for 
1900 100 

FOX (WM.), and C. W. THOMAS, M. E. A 

Practical Course in Mechanical Drawing. 12mo, 
cloth with plates 1 25 

FRANCIS (JAS. B., C. E.). Lowell Hydraulic 
Experiments. Being a selection from experiments 
on Hydraulic Motors, on the Flow of Water over 
Weirs, in open Canals of uniform rectangular 
section, and through submerged Orifices and 
diverging Tubes. Made at Lowell, Mass. Fourth 
edition, revised and enlarged, with many new experi- 
ments, and illustrated with 23 copper-plate engrav- 
ings. 4to,cloth 15 00 

FROST (GEO. H.). Engineer's Field Book. By C. 
S. Cross. To which are added seven chapters on Rail, 
road Location and Construction. Fourth edition. 
12mo,cloth. 1 OD 
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■ruaXER (OBORGi: W.). Report on the iDveRtiea- 
tions into the Purification of the Ohio River Water 
At Louisville, Kentucny, made to the President and 
Directors of the Louisville Water Company. Pub 

* fished under agreement with the Directors. 4to, 
cloth. S full page plates. net 10 00 

OEIPKL <W9I.}, and KILGOUR, CM.. H.) A 
Pocketbook of Electrical Engineering Formula. Il- 
lustrated. 18mo, morocco 8 00 

Sparge paper edition, wide margins. 8vo, morcco, 
Criltedges 5 00 

OERBSR (NICHOIiAS). Chemical and Physical 
Analysis of Milk, Condensed Milk and Infant's Milk- 
Food. 8vo,cloth 195 

OIBBS (WIIXIAM ».). Liphtingby Acetylene Gen- 
erators. Burners and Electric Furnaces. With 66 
iDnstirations. Second edition revised. 12mo, cloth. . 1 60 

GIIXMORS (GEN. Q. A.). Treatise on Limes, Hy- 
iraulic Cements, and Mortars. Papers on Practical 
JCngineeiing, United States Engineer Department, 
Ifo 9, ccmtaining Reports of numerous Experiments 
•conducted In New York Cityduring the vears of 1868 
to 1861, inclusive. With numerous illustrations. 8vo 
45loth 400 

Practical Treatise on the Construction of Roads. 

Streets, and Pavements, with 70 illustrations. 12mo, 
doth 200 

Report on JStrength of Building Stones in the 

United States, etc. 8vo, illustrated cloth 1 00 

€K»I<DING (HENRY A.). The Theta-Phi Diagram. 
Practically applied to Steam, Qas, Oil and Au* En- 
giuea. 12mo, cloth. Illustrated net 1 25 

<K>ODETE (T. M.). A Text-Book on the Steam En- 
gine. With a Supplement on G^-Engines. Twelfth 
Ekiition, enlarged. 143 illustrations. 12mo, cloth. . . 2 00 

CH>RI>ON (J. E. H.). School Electricity. Dlustra- 
tions. 13me, doth 2 00 

CH>BE (G.. F. R. .S.V The Art of Electrolytic Separa- 
tion of Metals, etc. (Theoretical and Practical.) 
lilusirated. 8vo,islo6h 3 60 

Electro .Chemistry Inorganic. Third Edition. 

'6To,cloth 80 
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GOUI^D (E. SHERMAN). The Arithmetic of the 
SteamEngine. 8vo, cloth 100 

GRIFFITHS (A. D., Ph. D.). A Treatise on Manures, 
or the Philosophy of Manuring. A Practical Hand- 
Book for the Agriculturist, Manufacturer and 
Student. 12mo, cloth 8 00 

OROVER (FREDERICK). Practical Treatise on 
Modern Qas and Oil Engines. 8vo, cloth. Illustrated 2 00 

OURDEN (RICHARD LI^OYD). Traverse Tables: 
computed to 4 places Decimals for every » of angle 
up to 100 of Distance. For the use of Surveyors and 
Engineers. New Edition. Folio, half morocco. ..7 60 

OUT ARTHUR (F.). Electric Ldght and Power, 
giving the Result of Practical Experience in Central 
Station Work. 8vo, cloth. Illustrated 2 60 

H AEDER (HERM AN C. E.). A Hand book on the 
Steam Engine. With especial reference to small 
and medium sized engines. English edition re-edited 
by the author from the second Oerman edition, and 
translated with considerable additions and altera- 
tions by H. H. P. Powels. 12mo, cloth. Nearly 1100 
illustrations .... 3 00 

H Alil. (WM. S. Prof.). Elements of the Differential 
and Integral Calculus. Second edition. Svo, cloth. 
Illustrated net 2 26 

HAI^E Y (F. A.). SUde Valve Gears; an Explanation of 
the action and Construction of Plain andCut«ofF 
Slide Valves. Illustrated. 12mo, cloth. Sixth 
edition 1 80 



-The Use of the Slide Rule. Illustrated with 



diagrams and folding plates. 16mo, boards 60 

HAMII.TON (W. G.). Useful Information for Rail- 
way Men. Tenth Edition, revised and enlarged. 
562 p^ges, pocket form. Morocco, gilt 2 00 

HANCOCK (HERBERT). Text Book of Mechan- 
ics and Hydrostatics, with over 600 diagrams. Svo, 
cloth 175 

HARRISON (W. B.). The Mechanics' Tool Book. 
With Practical Rules and Suggestions for use of 
Machinists, Iron- Workers, and others. Illustrated 
with 44 engravings. ]2mo, cloth 160 
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HASKINS (C. H.). The Qalvanometer and its Uses. 
A Manual for Electricians and Students. Fourth 
edition. 12mo, cloih .... ISO 

HAWK£ (WIIXIAM H.). The Premier Cipher 
Telegraphic Code Containing 100,000 Words and 
Phrases. The most complete and moet useful general 
code jet published. 4to, doth 5 00 

— — — 100,000 Words; Supplement to the Premier Code. 
All the words are selects from the official vocabu- 
lary. Oblong quarto, cloth 4 20 

HAWKINS (C. C.) and WAIXIS (F.). Th** Dynamo; 
its Theory, Design and Manufacture. 190 illustra- 
tions, 12mo, cloth 8 00 

HAT (ALFBBD). Principles of Alternate-Current 
Workhig. ISmo, cloth, iliustraed ... ... 2 00 

H£AP (Major D. P., U. S. A.). Electrical Appliances 
of the Present Day. Report < £ the Paris Electrical 
Exposition of 1881 260 illustrations. 8vo, cloth 2 00 

HEAYISIDB (OI.IVER). Elect omagnetic Theory. 
8vo, c otb, two volumes t aca 6 00 

HBNRICI (OI.AUS). Skeleton Structures. Applied 
to the Building of S eel and Iron Bridges. Illustrated 1 60 

HERBM AI4 N (OUST AY). The Graphical Statics of 
Mechanism. A Guide for ttie Use of Machinists, 
Architec s, and Engineers; and also a Tex* -book for 
Technical Schools. Translated and annotated by A. 
P. Smith, M. E. 12aQO, cloth, 7 folding plates. Third 
Edition 200 

HERMANN (FEI.IX}. Painting on Glass and Porce- 
lain and Enamel Paiaiing. On tbe Basis of Personal 
Practical Experience i f the condition of the Art up 
to date Translated by Charles Salter. Second 
greatly enlarged edition. 8vo, cloth, Illustrations, 
net 860 

HEWSON (WM.). Principles and Prac'ice of Em- 
banking L^nds from River Floods, as applied to the 
Levees of tbe Mississippi. 8vo, cloth 200 

HIIX (JOHN \Y.). The Purification of Public Water 
Supplies. Illustrated with valuable Tables, Dia- 
grams and Cuts. 8vo, clotb, S04 pages 300 

— The Inter f reta* ion of Water Analyses. . (In Press) 
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HOBBS (W. B. P.). The Arithmetic of Electrical 
Measurements with numerous examples. Fully 
Worked, 12mo, cloth JSO 

HOFF (WM. B., Com. U. S. Navy.). The Avoidance 
of Collisions at Sea. 18mo, morocco 75 

HOLI.EY (ALEXANBBB I..). Railway Practice. 
American and European Railway practice in the 
Economical Generation of Steam. 77 lithographed 
plates. Folio, cloth 12 00 

HOI.M£S (A. BBOMI.EY). The Electric Light Pop- 
ularly Explained. Fifth Edition. Illustrated, lamo, 
paper .40 

HOPKINS cKETII. M.). Model Engines and small 
Boats. New Methods of Engine and Boiler Makine: 
with a chapter on Elementary Ship Design and 
Construction . 12mo, cloth 1 35 

HOSPITAI.IER (E.). Polyphased Alternating Cur- 
rents. Illustrated. 8vo, cloth 140 

HOWARD (C. R.). Earthwork Mensuration on the 
Basis of the Prismoidal Formulae. Containing 
Simple and Labor-saving Methods of obU^ing Pris- 
moidal Contents directly from End Areas. Illustra- 
ted by Examples and accompained by Plain Rules 
for Practical Uses. Illustrated. 8vo, cloth ISO 

HUMBEB (WILLIAM, C. E.). A Handy Book for 
the Calculation of Strains in Girders and Similar 
Structures, and their Strength ; Consisting of 
Formulae and Corresponding Diagrams, with 
numerous details for practical application, etc. 
Fourth Edition. 12mo, cloth 2 60 

HUBST (GEOBGE H.). Colour; A Hand-book of the 
Theory of Colour. Containing ten coloured plates 
and 72 diagrams. 8vo, cloth. Illustrated. Price — 2 60 

■ Lubricating Oils, Fats and Greases. Their Origin, 
Preparation, Properties, Uses and Analysis. 313 
pages, with 65 illustrations. 8vo, cloth 8 00 

■ Soaps; A Practical Manual of the Manufacture of 
Domestic, Toilet and other Soaps. Illustrated with 

66 Engravings. 8vo, cloth.. 5 00 
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Hutchinson (W. B.). Patents and How to Make 
Mo ey out of Them. Member of Now York Bar. 
12mo.cloth. NewYork,1899 125 

ttUTTON (W. S.). Steam Boiler Construction. A 
Practical Hand-book for Engineers, Boiler Makers 
and Steam Users. Containing a large collection 
of rules and data relating to recent practice in the 
design, construction, and working of all kinds of 
statu>nar7, locomotive and marine steam boilers. 
With upwards of 500 illustrations. Third edition. 
Carefully revised and much enlarged. 8vo, cloth. . . 6 00 

Practica Engineer*s Hand-book, Comprisine a 
treatise on Modem Engines and Boilers, Marine, 
Locomotive and Stationary. Fourth edition. Care- 
fully revised with additions. With upwards of 570 
illustrations. 8vo, cloth 7 00 

— — The Works' Manager's Hand-book of Modern 
Rules, Tables, and Data for Civil and Mechanical 
Engineers. Millwrights and Boiler Makers, etc. , etc. 
With upwards of 150 illustrations. Fifth edition. 
Carefully revised, with additions. 8vo, cloth 6 00 

IMNBS (CH ARI.B:S H.). Problems in Machine Design. 
For the Use of Students, Draughtsmen and others. 
12mo, cloth 1 50 

■ Centrifugal Pumps, Turbines and Water Motors. 
Including the Theory and Practice of Hydraulics 
12mo, cloth 1 50 

ISHERWOOD (B. F.). Engineering Precedents for 
Steam Machinery. Arranged in the most practical 
and useful manner for Engineers. With illustra- 
tions. 2 vols, in 1. 8vo, cloth 2 50 

JAATESON (CHATtLES D.). Portland Cement. Its 
Manufacture and Use. 8vo. cloth 1 50 

JAMIESON (ANBBEW C. E,). A Text-Book on 
Steam and Steam Engines. Specially arranged for 
the use of Science ana Art, City and Guilds of London 
Institute, and other Engineering Students. Tenth 
edition. Illustrated. 12mo, cloth 3 00 

w Elementary Manual on Steam and the Steam 
Engine. Speciallv arranged for the use of First- 
Year Science and Art, City and Guilds of London 
Institute, and other Elementary Engineering 
Students. Third edition. i2mo, cloth 1 40 
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JANNETTAZ (EDWABD). A Guide to the Detei^ 
mination of Rocks : beings an Introductioii to 
Litholofsy. Translated from the French by G W. 
Plympton, Professor of Phjrsical Science at Brook- 
lyn Polytechnic Institute. 12mo, cloth 1 60 

JOHNSTON, Prof. J. F. W., and CAMBRON, Sir 
CHAS. Elements of ACTicultural Chemistry and 
Geology. Seventeenth edition. 12mo, cloth 2 fl» 

JOYNSON (F. H.). The Metals used in Construction. 
Iron, Steel, Bessemer Metal, etc. Illustrated. ISmo, 
cloth 7S 

Designing and Construction of Machine Gearings. 

Illustrated. 8vo, cloth 2 00 

KANSAS CITY BRIDGE (THEO With an Accomifc 
of the Regimen of the Missouri River and a Descrip- 
tion of the Methods used for Founding in that River. 
By O. ChanUte, Chief Engineer, and George Morri- 
son, Assistant Engineer. Illustrated with 5 litho- 
graphic views and 12 plates of plans. 4to, cloth. . . 6 09 

KAPP (GISBEBT C. E.). Electric Transmission 
of Energy and its Transformation, Subdivisiou, and 
Distribution. A Practical Hand-book. Fourth 
edition, revised. 12mo, cloth S 5# 

Dynamos, Alternators and Transformers. 138 

niustratioDS. 12mo, cloth 4 00 

KEMPE (H. R.). The Electrical Engineer's Pocket- 
Book of Modern Rules, Formulae, Tables and Data. 
Illustrated. 82mo, mor. gilt 1 75 

KENNEI.I.Y (A. E.}. Theoretical Elements of Elec- 
tro Dynamic Machinery. 8vo, cloth 1 60 

KII.GOUR, M. H., SWAN, H., and BIGGS, C. ET. 

W. Electrical Distribution; its Tiieory and Practice. 

174 Ulustrations. 12mo, cloth 4 00 

KING (W, H.). Lessons and Practical Notes on 
Steam. The Steam Engine, Propellers, etc., for 
Young Marine Engineers, Students, and others. 
Revised by Chief Engineer J. W. King, United States 
Navy. Nineteenth editioii, enlarged. 8vo, cloth . . 2 OO 

KINGDON (J. A.). Applied Magnetism. An intro- 
duction to the Design of Electromagnetic Apparatus. 
8vo,cioth sot 
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«aBKAI.D Y ( WM. G.). Ulustratlons of David Kirk- 
aldv's System of Mechanical Testing, as Originated 
and Carried On by him dw^g a Quarter of a Oenlury. 
Comprising a Large Selection of Tabulated Results, 
-showing the Strength and other Properties of Mate- 
•rials used in Construction. wUh explanatory Text 
and Historical Sketch. Numerous engravings and 
26 lithographed plates. 4to, cloth. 20 00 

KIBKWOOD (J AS. P.). Report on the Filtration of 
River Waters for the supply of Cities, as practised in 
Europe, made to the Board of Water Commissioners 
of the City of St. Louis. Illustrated by 30 double- 
plate engravings. 4to, cloth 7 60 

liABRABEE (C. S.). Cipher and Secret Letter and 
Telegraphic Code, with Hog's Improvements. The 
«D06t perfect Secret Code ever invented or discov- 
ered. Impossible to read without the key. 18mo, 
cloth 60 

TiAZELI.£ (H. M.). One Law in Nature. A New 
Corpuscular Theory comprehending Unity of Force, 
Identity of Matter, and its Multiple Atom Constitu- 
tion, etc. 12mo, cloth 1 60 

liEASK (A. RITCHIE). Breakdowns at Sea and 
How to Repair Them. With eighty-nine Illustra- 
tions. 8vo, cloth. Second edition 2 00 

Triple and Quadruple Expansion Engines and 

/Boilers and their Management. With fifty-nine 
illustrations. Third edition, revised. 12mo, cloth . . 2 00 

Refrigerating Machinery : Its Principles and 

Management. With sixty-four illustrations. 12mo, 
cloth 2 00 

JLECKY (S. T. S.). " Wrinkles '* in Practical Naviga- 
4ion. With 130 illustrations. 8vo, cloth. Ninth 
•edition, revised 8 40 

ILiEVY (C. I*.), Electric Light Primer. A Simple and 
Comprehensive Digest of all -of the most important 
facts connected with the running of the dynamo, and 
" electric lights, with precautions for safety. For the 
use of persons whose duiy it is to look after the 
plant bvo, paper 60 
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UTACHE (ACH., Ingrenieiir Civil Des Mines). 

The Manufacture of Varnishes, Oil Crushing:, Refin- 
ing and Boiling and Kindred Industries. Translated 
from the French and greatly extended, by John 
Qeddes Mclntosti. 8vo, cloth. Illustrated net 6 00 

liOCKE (AXFRED G., and CHARLES G.) A Prac- 
tical Treatise on the Manufacture of Sulphuric Acid. 
With 77 Constructive Plates drawn to ^cale Meas- 
urements, and other Illustrations. Royal 8vo, cloth.lO 00 

liOCKEBT (liOUIS). Petroleum Motor-Cars. 12mo, 
doth 160 

IX>CKWOOD (THOS. D.)« Electricity, Magnetism, 
and Electro-Telegraphy. A Practical Guide for 
Btudents, Operators, and Inspectors. 8vo, cloth. 
Thirdedition 2 60 

— Electrical Measurement and the Galvanometer ; 
its Construction and Uses. Second edition. 32 illus- 
trations. 12mo, cloth 1 60 

I«ODG£ (OL.ITEB J.)* Elementary Mechanics, 
including Hydrostatics and Pneumatics. Revised 
edition. 12mo. cloth 160 

IjORING (A. £.). A Hand-book of the Electro-Mag- 
netic Telegraph. Paper boards 60 

Cloth 76 

Morocco 1 00 

I«UC£ (Com. S. BA Text-Book of Seamanship. The 
Equipping and Handling of Vessels under Sail or 
Steam. For the use of theU. S. Naval Academy. . 
Revised and enlarged edition, by Lt. Wm. S. Benson. 
8vo,cloth. 1000 

IiUNGE (GEO.)* A Theoretical and Practical Treatise 
on the Manufacture of Sulphuric Acid and Alkali 
with the Collateral Branches. Vol. I. Sulphuric 
Acid, Second edition, revised and enlarged. 842 

Illustrations. 8vo, cloth 15 00 

Vol. II. Second edition, revised and enlarged. 

8vo, cloth 16 80 

Vol HL 8vo, cloth. New edition, 1896 15 00 

IiUNGB. (GEO.), and HURTER, F. The Alkali 
Maker's Pocket-Book. Tables and Analytical Meth- 
ods for Manufacturers of Sulphuric Acid, Nitric 
Acid, Soda, Potash and Anuuonia. Second edition. 
ISmo.cloth 8 00 
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liUQUEB OLBA McIIiTAINB, Ph. D.). Minerals 
in Rock Sections. The Practical Method of Identi- 
tying Minerals in Rock Sections with the micro- 
scope. Especially a rranged for students in Technical 
and Scientific Schools. 8to. cloth. Illustrated.. net 1 50 

MACCOBD (Prof. C. W.). A Practical Treatise on 
the Slide- Valve by Eccentrics,.ezamining by methods 
the action of the Eccentric upon the SUde-Valve, 
and explaining the practical processes of laying out 
the movements, adupting the Valve for its various 
duties in the Steam Engine. Second edition. Ulus* 
trated. 4to, cloth 2 60 

UAGUIRE (Capt. EDWARD. U. S. A.). The 

Attack and Defence of Coast Fortifications. With 
Maps and Numerous Illustrations. 8vo, cloth 2 50 

UAGUIBE (TTM. B.). Domestic Sanitary Drainage 
and Plumbing Lectures on Practical Sanitation. 332 
illustrations. 8vo 4 00 

MARKS (EDWARD C. R.). Mechanical Engineering 
Materials: their Properties and Treatment in Con- 
struction. 12mo,cloth. Illustrated 69 

Notes on the Construction of Cranes and Lifting 

Machinery. 12mo, cloth 100 

MARKS (G. C). Hydraulic Machinery Employed in 
the Concentration and Transmission of Power. 
12mo,cloth 125 

MAVER (WM.). American Telegraphy: Systems, 
Apparatus, Operation. 450 illustrations. 8vo, cloth. 8 50 

MAYER (Prof. A. M.). Lecture Notes on Physics. 
8vo, cloth 200 

McCUIXOCH (Prof. R. S.). Elementary Treatise 
on the Mechanical Theory of Heat, and its applica- 
tion to Air and Steam Engines. 8vo, cloth 8 50 

MCNEII.L (BEDFORD). McNeill's Code. Arranged 
to meet the requirements of Mining, Metallurgical 
and Civil Engineers, Directors of Mining, Smelt- 
ing and other Companies, Bankers, Sr.ocic and Share 
Brokers. Solicitors, Accountants, Financiers, and 
General Merchants. Safety aud Secrecy. 8vo, cloth. 6 00 
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MERBII^Ii (Col. WM. £., U. 8. A.). Iron Truss 
Bridges fdr Bailroada. The method of calcul tinfi: 
strains in Trusses, with a careful comparison of the 
mo-t pr minebt Trusses, in reference t > economy in 
combi ation, (tc. Illustrated. 4to, cloth. Fourth 
Edit! n 500 

:tI£TAL TUBNING. By a Foreman Pattern Maker. 
Illustrated ^ ith 81 1 ngravi gs . 12mo, cloth 1 50 

MINIFIE (WM.). Mechanical D awing. A Text- 
bo k f Geometrical Draw ng for the use of Mechanics 
and Schools, in which he Definitions and Rules of 
Gteoftifrtry > re famiiarly explained; the Practical 
Problems are arranged from the most simple to the 
more complex, and in i heir description technicalities 
are avoid- d as mu- h as possible. With illustrations 
for Draw ng Pl^ns. Sec ions, and Elevations of Rail- 
ways and Machinery; an Introduction to Isometric 4 
Drawing, a d an Essay on Linear Perspective and 
Shadows Illustrated witn over 200 diagrams 
engraved on steel. Ninth tt ousand. With a > appen- 
dix on the Theory and Application of Colors. 8vo, 
cloth 4 00 

Cteom trical Drawing. Abridged from the Octavo 

edition, for the us^ of schools. Illus rated with 48 
steel plates. Ninth edition. 12mo, cloth 2 00 

MODERN METBOBOIiOGY. A Series. of Six 
Lectu es, delivered under the aust ices of the Meteor- 
ological Society in 1870. Illustrated. 12mo, cloth . 1 SO 

MORNING (C. A.), and NE AI. (THOMAS). Tee- 
graphic Mining Co e Alphai etically arranged. 
Second edition. 8vo, cloth 8 40 

MORRIS (E.). Easy Rules for the Measurement of 
Earthworks by means vt the Prismoidal Formula. 
8vo, cloth. Illustrated 150 

MOSES (ALFRED J.), and PARSONS, C. L. Ele- 
ments of Mineralogy. Crystallography and Blowpipe 
Analysis from a practical standpoint. Second 
thousand. 8vo, cloth. 360 illustrations net 2 00 

HOSES (ALFRED J.). The Characters of Crystals. 
An Introduction to Physical Crystallography, con- 
taining 821 Ulustrations and Diagrams. 8vo, 211 
M> net 2 00 
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MO£I.I£R (F. C. O.). Krupp's Steel Works. With 
88 illustrations. By Felix Schmidt and Montan. 
Authorized Translation from the Qe man. 4tOL 
cloth (In Press.) 

MUIXIN (JOSEPH P., M. £.)• Modem Moulding 
and Pattern-Making. A Practical Treatise upon 
Pal tern Shop and Foundry Work; em racing: the 
Moulding of Pulleys, Spur Gears, Worm Qears, Bal- 
ance-Wheels. Stationary Engine and Locomotive 
Cylinders, Globe Valves, Tool work, Mining Machin> 
ery, Screw Propellers. Pattern-Shop Machinery, and 
the latest improvements in English and American 
Cupolas; together with a large collection of original 
and carefully selected Rules and Tables for every- 
day use in the Drawing Office, Pattem-Shop and 
Foundry. 12mo, cloth. Illustrated 2 60 

MUNRO (JOHN C. £.)» and JAMIESON 
ANDREW C. E. A Pocket-book of Electrical 
Rules aDd Tables for the use of Electriciaus and 
Engineers. Tnirteenih edition, revised and enlarged. 
With numerous diagrams. Pocket size. Leather.. 2 60 

MURPHY (J. O., M. £.). Practical Mining. A 
Field Manual for Mining Engineers. With Hints for 
Investors in Mining Properties. 16mo, morocco 
tucks 100 

NAQUET (A.). Legal Chemistry. A Guide to the 
Detection of Poisons, Falsification of Writings, 
Adulteration of Alimentary and Pharmaceutical 
Substances, Analysis of Ashes, and examination of 
Hair, Coins, Arms, and Stains, as applifd to Chemi- 
cal Jurisprudence. Translated from the French, 
by J. P. Battershall, Ph D., with a preface by C. F. 
Chaudler, Ph. D., M. D., LL. D. 12mo, cloth 2 00 

NASMITH (JOSEPH). The Student's Cotton Spin- 
ning. Third edition, revised and enlarged. 8vo, 
cloth. 62;^ pages. 250 Illustrations 8 00 

NEWALL (JOHN W.). Plain Practical Directions 
for Drawing, Sizing and Cutting Bevel-Gears, show- 
ing how the Teeth may be cut in a Plain Milling 
Machine or Gear Cutter so as to give them a correct 
shape from end to end; and showing how to get out 
all particulars for the Workshop without making * 
any Drawings. Including a Full Set of Tables of 
Reference. Folding plates, bvo, cio h 160 
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NEWCOMB (£DWABD W.). Stepping Stones to 
Photography. 12ino, cloth. Illustrated. N.Y.. 1809. 

On Press.) 

NBWIiANBS (JAMES). The Carpenters' and Join- 
ers^ Assistant: being a Ck>mprehensive Treause on 
the Selection, Preparation and Strength of Mate- 
rials, and the Mechanical Principles of Framing. 
Illustrated. Folio, half morocco 15 00 

NIPHER (FBANCIS E., A. M.). Theory of Mag- 
netic Measurements, with an appendix on the 
Metbod of Least Squares. 12mo, cloth .... 1 00 

NOAD (HENRT M.). The Students' Text-Book of 
Electricity. A new edition, carefully revised. With 
an Introduction and additional chapters by W. H. 
Preeoe. With 471 illustrations. 12mof cloth 4 00 

NUGENT (E.). Treatise on Optics; or. Light and Sight 
theoretically and practically treated, with the appli- 
cation to Fine Art and Industrial Pursuits. With 
103 illustrations. 12mo, cloth 180 

O'CONNOR (HENRY). The Gas Engineer's Pocket- 
Book. Comprising Tables, Notes and Memoranda; 
relating to the Manufacture, Distribution and Use 
of Coal Gas and the Construction of Gas Works. 
12mo, fullleather, gilt edges 8 50 

OUDIN (M. A.). Standard Polyphase Apparatus and 
Systems. Fully illustrated 8 00 

PAGE (DAVID). The Earth's Crust, A Handy Out- 
line of Gteology. 16mo,cloth 75 

PAXAZ (A., ScD.). A Treatise on Industrial Pho- 
tometry, with special application to Electric Light- 
ing. Authorized translation from the French, by 
GJeorge W. Patterson, Jr. Second edition, revised. 
Svo, cloth. Illustrated 4 00 

PARSHAI^Ii (H. F.), and HOBART H. M. 
Armature Windings of Electric Machines. With 140 
full page plates, 05 tables, and 105 pages of descrip- 
tive letterpress. 4to, cloth . 7 60 

PARSHALL (H. F.), and EVAN PARRi^. 
Electrical Equipment of Tramways (In Press.) 

PEIRCE (B.). System of Analytic Mechanics. 4to, 
cloth 10 00 

Linear Associative Algebra. New edition, with 

addenda and notes, by C. L. Pierce. 4to, doth 4 00 
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P£RRINE (F. A. C, A. M., D. Sc.>. Cooductora 
for Electrical Distribution; their Manufacture and 
Materials, the Calculation of Circuits. Pole TJne 
Construction, Uuderground Working and other Uses. 

On Press.) 

PERRT (JOHN). Applied Mechatics. A Treatise 
for the use of students who have time to work 
experimental, numerical and graphical exercises 
illustrating the subject. 8to, cloth. 650 pages., net 2 60 

PHILLIPS (JOSHUA). Engineering Chemistry. A 
Practical Treatise ft r the use of Analytical (dem- 
ists. Engineers, Iron Masters, Iron Founders, 
students and oth'^rs. Comprising methods of Analy- 
sis and Valuation of the principal materials used in 
Engineering w6rks, with numerous Analyses, Exam- 
ples and Suggestions. 314 illustrations. Second 
edition, revised and enlarged. 8vo, cloth 4 00 

PICKWORTH (CHAS. N.). The Indicator Hand- 
book. A Practical Manual for Engineers. Part I. 
The Indicator: Its Construction and Application. 81 
illustrations. 12mo, cloth 1 60 

The Slide Rule, A Practical Manual of Instruc- 
tion for all Users of the Modem Type of Slide Rule, 
exhibiting the Application of the Instrument to the 
Everyday Work of the Engineer,— Civil, Mechanical 
and Electrical. 12mo, flexible cloth. Fifth edition. 80 

PLANS table: (THR). Its Uses in Topographical 
Surveying. From the Papers of the United States 
Coast Survey. Illustrated. 8vo, cloth 2 00 

PLANTE (GASTON). The Storage of Electrical 
Energy, and Researches in the Elrecta created by 
Currents, combining Quantity with High Tension. 
Translated from the French by Paul B. ElwelL 89 
illustrations. 8vo 4 00 

PLATTNRR. Manual of Qualitative and Quantitative 
Analysis with the Biow-Pipe. From the last German 
edition, revised and enlarged, by Prof. Th. Richter, 
of the Royal Saxon Mining Academy. Translated 
by Prof. H. B. Cornwall, assisted by John H. Cas- 
well. Illustrated with 87 wood cuts and one litho- 
graphic plate. Seventh edition, revised. 660 pages, 
ttvo, cloih... 6 00 
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PLYMPTON (Prof. GBO. W.). The Blow Pipe. A 
Guide to its use in the Deterraination of Salts and 
Minerals. Compiled from various sources. 12mo, 
cloth 160 

The Aneroid Barometer: its Construction and 

Use. Compiled from several sources. Fourth 

edition. 16mo, boards. Illustrated 50 

Morocco 100 

POCKET LOGARITHMS, to Four Places of Deci- 
mals, including Logarithms of Numbers, and Loga- 
rithmic Sines and Tangents to Single Minutes. To 
which is added a Table of Natural Sines, Tangents, 
and Co-Tangents. 16mo, boards 60 

POPE (F. li.). Modem Practice of the Electric Tele- 

graph. A^ Technical Handbook for Electricians, 
[anagers and Operators. Fifteenth edition, rewrlt* 
ten and enlarged, and fully illustrated. 8vo, cloth. 1 50 

POPPUBWEIili (W. C). Elementary Treatise on 
Heat and Heat Engines. Special y adapted for 
engineers and students of engineering. 12mo, cloth. 
Illustrated 3 00 

PO WLES (H. H.). Steam Boilers (In Press.) 

PBAY (Jr., THOMAS). Twenty Years with the 
Indicator; being a Practical Text-Book for the 
Engineer or the Student, with no complex Formulae. 
Illustrated. 8vo, cloth 2 50 

-^— Steam Tables and Engioe Constant. Compiled 
from Regnault, Rankineand Dixon directly, making 
use of the exact records. 8vo, cloth 2 00 

PBACTICAI. IRON FOUNDING. By the Author 
of '* Pattern Making,** &c., &c. Illustrated with 
over one hundred engravings. 12mo, cloth 1 50 

PBEECE (W. H.). Electric Lamps (In Press.) 

PREECE (W. H.), and STUBBS, A. T. Manual 
of Telephony. Illustrations and plates. 12mo, cloth. 4 60 

PBEMIEB CODB. (See Hawk, Wm. H.) 

PBESCOTT (Prof. A. B.). Organic Analysis. A 
Manual of the Descriptive and analytical Chemistry 
of certain Carbon Compounds in Common Use: a 
Guide in the Qualitative and Quantitative Analysis 
of Organic Materials in Commercial and Fharina- 



28 D. VAN NOSTRAND COMPANY'S 

ceutical Assays, in the estimation of Impurities 
under Authorized Standards, and in Forenuic Exam- 
inations for Poisons, with Directions for Elemeniary 
Organic Analysis. Fourth edition. 8vo, cloth 6 00 

PRESCOTT (Prof. A. B.). Outlhies of Proximate 
Organic Analysis, for the Identification, Separation, 
and Quantitative Determination of the more com- 
monly occurring Organic Compounds. Fourth edi- 
tion. 1-^mo, cloth 1 76 

First Book in Qualitative Chemistry. Eighth 

edition. 12mo, cloth 160 

and Otis Coe Johnson. Qualitative Chem'cal 

Analysis. A Guide in the Practical Study of Chem- 
istry and in the work of Analysis. Fourth fully 
revised edition. With Descriptive Chemistiy 
extended throughout 8 60 

PRITCHARD (O. G.). The Manufacture of Electric 
Light Carbons. Illustrated. 8vo, paper 60 

PUIil^N (W. W. F.). Application of Graphic Meth- 
ods to the Design of Structures. Specially prepared 
for the use of Engineers. 12mo, cloth. Illustrated. 

net 2 60 

PUIiSIFGR (W. H.). Notes for a History of Lead. 
8vo, cloth, gilt tops 4 00 

PYNCHON (Prof. T. R.). Introduction to Chemical 
Physics, designed for the use of Academies, Col- 
leges, and Hign Schools. Illustrated with numerous 
engravings, and containing copious experiments 
with .directions for preparing them. New edition, 
revised and enlarged, and illustrated by 269 illustra- 
tions on wood. 8vo, cloth 8 00 

RADFORD (Lieut. CYRUS S.). Hand-book on 
Naval Gunnery. Prepared by Authority of the Navy 
Department. For the use of U. S. Nav3', U. S. 
Marine Corps and U. S. Naval Reserves. Revised 
and enlarged, with the assistance of Stokely Morgan, 
Lieut. U. S. N Third edition. 12mo, flexible leather. 2 00 

RAFTER (GFO. W.). and M. N. BAKER. Sew- , 
age Disposal in the United States. Illustrations and ^ 
"^ folding plates. Second edition. 8vo, cloth 6 00 

BAM (GILBERT S.). The Incandescent Lamp and 
its Manufacture. 8yo,cloth 8 00 
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BANDAIX (J. £.)• A Practical Treatise on the 
Incandescent Lamp. Illustraled. 16mo, cloth 60 

BANDAXIi (P. M.). Quartz Operator's Hand-book. 
New edition, revised and enlarged, fully illustrated. 
12mo. cloth 2 00 

BANKIN£ (W. J. MACQUORN.) Applied Mechan- 
ics. Comprising the Principles of Statics and Ciue- 
matics, and Theory of Structures. Mechanism, and 
Machines. With numerous diagrams. Fifteenth 
edition. Thoroughly revised by W. J. Millar. 8vo, 
cloth 6 00 

Civil Engineering. Comprising Engineeriog Sur- 
veys, Earthwork, Foundations, Masonry, Carpentry, 
Metal Work, Roads, Railw^s, Cauals Rivers, 
Water Works, Harbors, etc. With numerous tables 
and illustrations. Twentieth edition. Thoroughly 
revised by W. J. Millar. 8vo, cloth 6 50 

Machinery and Millwork. Comprising the Geom- 
etry, Motions, Work, Strength, Construction, and 
Objects of Machines, etc. Illustrated with nearly 
800 wood cuts. Seventh edition. Thoroughly revised 
by W. J. Millar. 8vo, cloth 6 00 



-The Steam Engine and other Prime Movers. 



With diagram of the Mechanical Properties of 
Steam-folding plates, numerous tables and illustra- 
tions. Thirteenth edition. Thoroughly revised by 
W.J.Millar. 8vo, cloth 6 00 



-Useful Rules and Tables for Engineers and 



Others. With appendix, tables, tests, and formulae 
for the use of Electrical Engineers. Comprising 
Submarine Electrical Engineering, Electric Lighting, 
and Transmission of Power. By Andrew Jamieson, 
C. E., F. R S. E. Seventh edition. Thoroughly 
revised by W. J. Millar. Crown 8vo, cloth 4 00 

— — A Mechanical Text-Book. By Prof. Macquom 
Rankine and E F. Bamber, C. E. With numerous 
illustrations. Fourth edition. 8vo, cloth 3 60 

BAPHA.FIi (F. C). Localisation of Faults in Electric 
Light Mains. 8vo, cloth .. 2 00 

BECKfiNZAUN (A.). Electric Traction on Railways 
and Tramways. 213 illustrations. 12mo. cloth. ... 4 00 
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BEED*S ENGINEERS' HAND-BOOK to the 

Local Marine Board Blxaminations for Certificates 
of Competency as First and Second Class Engineers. 
By W. H. Thorn. With the answers to the Elemen- 
tary Questions. Illustrated by 297 diagrams and 36 
large plates. Sixteenth edition, revised and 
enlarged. 8to, oloth ....500 

Key to the Sixteenth Edition of Reed's 

Engineer's Hand-book to the Board of Trade Exami- 
naUons for First and Second Class Engineers and 
containing the working of all the questions Riven in 
the examination papers By W. H Thorn. 8vo, 
cloth 800 

Useful Hints to Sea-going Engineers, and How to 

Repair and Avoid *' Break Downs; " also Appendices 
Containing Boiler Explosions, Useful Formulas, 
etc. With 36 diagrams and 4 plates. Second edition, 
revised and enlarged. 12mo, cloth 140 

Marine Boilers: A Treatise on the Causes and 

Prevention of their Priming, with Remarks on their 
General Management. Illustrated. 12mo, cloth... 2 00 

REINHABDT (CHAS. W.)« Lettering for Drafts- 
men, Engineers and Students. A Practical System 
of JYee-nand Lettering for Working Drawings. 
Fourth thousand. Oblong, boards 1 00 

BICE (J. M.).t •tkd JOHNSON, W. W. On a 

New Method of obtaining the Differential of Func- 
tions, with especial reference to the Newtonian 
Conception of Rates or Velocities. 12mo, paper .... 60 

BINGWAIiT (J. Ii.)» Development of Transporta- 
tion Systems in the United States, Comprising a 
Comprehensive Description of the leadhig features 
of advancement from the colonial era to the present 
time. With illustrations. Quarto, half morocco. . 7 60 

BIPPEB ( WILLI A3M0. A CoiuBe of Instruction in 
Machhie Drawing and Desitm for Technical Schools 
and Engineer Students. With &8 plates and numer- 
ous explanatory engravings. Folio, cloth 00 

BOEBLINO (J. A.). Long and Short Span Railway 
Bridges. Illustrated with large copperplate ^ 
engravings of plana and views. Imperial folio, 
doth S600 
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BOOEBS (Prof. H. D.). The] Geology of Pennsyl- 
vania. A Gtoveroment Survey, with a General View 
of the Geology of the United States, essays on the 
Coal Formation and its Fossils, and a description of 
the Coal Fields of North America and Great 
Britain. Illustrated with plates and engravings in 
the text. 3 vols., 4to, cloth, with portfolio of maps. 15 00 

BOSB (JOSHUA, M. £.). The Pattern Makers* 
Assistant. Embracing Lathe Work, Branch Work, 
Core Work, Sweep Work, and Practical Gear Con- 
structions, the Preparation and Use of Tools, 
together with a 'orge collection of useful and valu- 
able Tables. Eignteenth edition. Illustrated with 
250 engravings. 8vo, cloth 2 50 

— Key to Engines and Engine-running. A Practical 
Treatise upon the Management of Steam Engines 
and Boilers for the Use of Those who Desire to Pass 
an Examination to Take Charge of an Engine or 
Boiler. With numerous illustrations, and Instruc- 
tions Upon Engineers' Calculations, Indicators, 
Diagrams, Engine Adjustments, and other Valuable 
Information necessary for Engineers and Firemen. 
12mo, cloth 2 50 

SABINB (BOBEBT). History and Progress of the 
Electric Telegraph. With descriptions of seme of 
the apparatus Second edition, with addition:*. 
12mo, cloth. ... 1 25 

SABLTZEB ( AtEX.). Treatise on Acoustics in con- 
nection with Ventilation. 12mo, cloth 1 00 

SAXOMONS (Sir DAVID, M. A.). Electric Light 
Installations. A Practical Hand-book. Eighth 
edition, revised and enlarged, with numerous illus- 
trations. Vol. I. The management of Accumula 

tors. i2mo, cloth. . . 1 50 

Vol. n.. Apparatus, 296 Illustrations. 12mo, cloth 2 25 
Vol. III. , Applications. Umo, cloth 1 50 

SANFORD (P. GERALD). Nitro-Explosives. A 
PracticaJ Treatise concerning the Properties, Manu- 
facture and Analysis of Nitrated Substances, includ- 
ing the Fulminates, Smokeless Powders and Cellu- 
loid. 8vo, cloth, 270 pages 8 00 

8AUNNIEB (CLAUDIUS). Watchmaker^s Hand- 
book. A Workshop Companion for those engaged 
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in Watchmaking and allied Mechanical Arts. Trans- 
lated by J. Tripplin and E Rige. Second edition, 
revised with appendix. 12mo, cloth 8 60 

SCHKLIiEN (Dr. H.). Magneto-Electric and Dynamo- 
Electric Machines: their Construction and Practical 
Application to Electric Lighting, and the Transmis- 
sion of Power. Translated from the third German 
edi'ion, by N. S. Keith and Percy Neymann, Ph. D. 
With very large additions and notes relating to 
American Machines, by N. S. Keith. Vol. I., with 853 
illustrations. Second edition . 6 00 

SCHUMANN (F.>. A Manual of Heating and Venti- 
lation in its Practical Application, for the use of 
Engineers and Architects. Embracing a series of 
Tables and Formulae for dimensions of heating, flow 
and return pipes for steam and hot water boilers, 
flues, etc. ISmo, illustrated, full roan 1 60 

SCBIBNBB (J. M.)* Engineers' and Mechanics' 
Companion. Comprising United Stat es Weights and 
Measures. Mensuration of Superflces and Solids, 
Tables of Squares and Cubes, Square and Cube Boots. 
Circumference and Areas of C:ircles, the Mechanical 
Powers. Centres of Gravity, Gravitation of Bodies, 
Pendulimis, Specific Gravity of Bodies, Strength, 
Weight, and Crush of Materials, Water-Wheels, 
Hydiostatics, Hydraulics, Statics, Centres of Per- 
cussion and Gyration, Friction Heat, Tables of the 
Weight of Metals, Scantling, etc., Steam and the 
Steam Engine. Twentieth edition revised. 16mo, 
fullmorocco 1 50 

SEATOX (A. £.). A Manual of Marine Engineering. 
Comprising the Designing, Construction and Work- 
ing of Marine Macninery. With numerous tables 
and illustrations reduced from Working Drawings. 
Fourteenth edition. Revised throughout, with an 
additional chapter on Water Tube Boilers. 8vo., 
cloth ..600 

and ROUNTHWAITE ( H. M.). A Pocket- 
book of Marine Engineering Rules and Tables. For 
the use of Marine Engineers and Naval Architects. 
Designers, Draughtsmen, Superintendents, and all 
engaged in the design and construction of Marine 
Machinery, Naval and Mercantile. Fifth edition, 
revised and enlarged. Pocket size. Leather, with 
diagrams. Reprinting. 
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SEXTON (A. HUMBOLDT). Fuel and Refractory 
Materials. 8to, cloth 2 00 

SHIELDS (J. E.). Notes on EDgineering Oonstruc- 
tiOD Embracing Discussions of the Principles 
involved, and Descriptions of the Material employed 
in Tunnelling, Bridging, Canal and Road Bmlding, 
etc. 12mo,cloth 150 

SHOCK (WM. H.). ^ Steam Boilers: Their Eesign, 
Construction and Management. 4to, half morocco. 15 00 

SHBEVE (S. H.). A Treatise on the Strength of 
Bridges and Roofs. Comprising the determination 
of Algebraic formulas for strains in Horizontal, 
Inclined or Rafter, Triangular, Bowstring, Lenticu- 
lar, and other Trusses, from fixed and moving loads, 
with practical applications and examples, for the 
u<te of Students and Engineers. 87 woodcut illus. 
Fourth edition. Svo, cloth. 8 60 

SHUNK (W. F.). The Field Engineer. A Handy 
Book of practice in the Survey, Location, and Truck- 
work of Railroads, containing a large collection of 
Rules and Tables, original and selected, applicable 
to both the Standard and Narrow Gauge, and pre- 
pared with special reference to the wants of the 
young Eugineer. Eleventh edition, revised and 

enlarged. 12mo, morocco, tucks 2 60 

^ SIMMS (F. W.). A Treatise on the Principles and 
Practice of Levelling. Showing Its application to 
purposes of Railway Engineering, and the Con- 
struction of Roads, etc. Revised and corrected, 
with the addition of Mr. Laws' Practi -al Examples 
for setting out Railway Curves. Illustrated. 8vo, 
cloth 2 50 

SIMMS (W. F.). Practical Tunnelling. Fourth edition. 
reviFed and greatly extended. With addiiional 
chapters illustrating recent practice by D. Kinnear 
Clark. With 36 plates and other illustrations. Im- 
perial 8vo, cloth 12 OC 

SIiATER (J. W.). Sewage Treatment, Purification, 
and Utilization. A Practical Manual for the Use of 
Corporations, Local Boards, Medical Officers of 
Health, Inspectors of Nuisances, Chemists, Manu- 
facturers, Riparian Owners, Engineers, and Rate- 
payers, 12mo, cloth 2 25 
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SMITH (ISAAC W., C. E.)- The Theoiy of D*»fleo- 
tions and of Latitudes and Departures. With special 
applications to Curvilinear Surveys, for Alignments 
of Railway Tracks. Ulustrated. 16mo, morocco, 
tucks 8 00 

SNEIX (AI.BION T.). Electric Motive Power: The 
Transmission and Distribution of Electric Power by 
Continuous and Alternate Currents With a Section 
on the Applications of Electricity to Mining Work. 
'Second edition. 8vo, cloth, illustrated 4 00 

SPEYERS (CLARENCE L.). Text-Book of Physi- 
cal Chemistry. 8vo, cloth 2 26 

STAHIi (A. W.)> and A. T. WOODS. Elementary 
Mechanism. A Text-Book for Students of Mechanical 
Engineering. Fourth edition, enlarged. 12mo, 
clutti 200 

STALET (CADT), and PIERSON, GEO. S. The 
Separate System of Sewerage: its Theory and Con- 
struction. Third edition, revised. 8vo, cloth. With 
maps, plates and illustrations 3 00 

STEVENSON (DAVID. F.R.S.NA. The Principles 
and Practice of Canal and River engineering. Re- 
vised by his sons David Alan Stevenson, B. Sc, F. R. 
S.E., and Charles Alexander Stevenson, B. Sc., F.R. 
S.E., Civil Engineer. Third edition, with 17 plates, 
8vo, cloth 10 00 

The Design and Construction of Harbors, A 

Treatise on Maritime Engineering. Third edition 
with24 plates, 8vo, cloth 9 00 

STEWART (R. W.). A Text Book of Light, Adapted 
to the Requirements of the Intermediate Science 
and Preliminary Scientific Examinations of the Uni- 
versity of London, and also for General Use, 
Numerous Diagrams and Examples. 12mo, cloth. . 1 00 

STEWART (R. W.). A Text ^ook of Heat, Illus- 
trated, 8vo, cloth 1 00 

A Text Book of Magnetism and Electricity, 160 

Ulus. and Numerous Examples. 12mo, cloth 1 00 

STILES (AMOS). Tables for Field Engineers. De- 
signed for use in the field. Tables containing all 
the functions of a one degree curve, from which a 
corresponding one can be foimd for any required 
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degree. Also, Tables of Natural Sines and Tangents. 
12mo, morocco, tucks 2 00 

STIIXMAN (PAim. Steam Engine Indicator and 
the Improved Manometer Steam and Vacuum 
Gauges; their Utility and Application. New edition. 
12mo, flexible cloth 100 

STON£ (General ROY). New Roads and Road Laws 
in the United States. 200 pages, with numerous 
illustrations. 12mo. cloth 1 00 

STUART (C. B., V. S. N.). Lives and Works of C5ivil 
and Militwy Engineers of America. With 10 steel- 
plate engravings. 8vo, cloth 5 00 

The Naval Dry Docks of the United States. Illus- 
trated with 24 fine Engravings on SteeL Fourth 
edition. 4to,cloth 6 00 

SWINTON (ALAN A. CAMPBELL). The Elemen- 
tary Principle of Electric Lighting. Illustrated. 
12mo, cloth 60 

TEMPLETON (WM.). The Practical Mechanic's 
Work-shop Companion. Comprising a great variety 
of the most useful rules and f ormulsB in Mechanical 
Science, with numerous tables of practical data and 
calculated results facilitating mechanical opera- 
tions. Revised and enlarged by W. S. Hutton. 
12mo, morocco. 2 00 

THOM (CHAS.), and WILLIS H. JONES. Tele- 
graphic Connections: embracing Recent DIethods in 
Quadruplex Telegraphy. Oblong, 8vo, cloth. 20 full 
page plates, some colored 1 60 

THOMPSON (EDWARD P., M. E.). How to 
Make InventioDs; or. Inventing as a Science and an 
Art. A Practical Guide for Inventors. Second 
edition. 8vo, boards 1 00 

Roentgen Rays and Phenomena of the Anode and 

Cathode Principles, Applications and Theories. 
For Students, Teachers, Physicians, Photographers, 
Electricians and others. Assisted by Louis M. 
Pignolet, N. D. C. Hodges, and Ludwig Gutmann, E« 
E. With a Chapter on Generalizations, Arguments, 
TheoricR, Kindred Radiations and Phenomena. By 
Professor Wm. Anthony. 8vo, cloth. 50 Diagrams, 
40 Halftones 160 
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TODD (JOHN>, and W. B. WHAIX. Practical 
Seamanship for Use in the Mercliant Service: Includ- 
ing all ordinary subjects; also Steam Seamanship, 
TP^ecic Lifting, Avoiding Colli8ion,Wire Splicing, Dis- 

Etlacement, and everjrthing necessary to be known 
•y seamen of the present day. Second edition, with 
247 illustrations and diagrams. 8vo, cloth 8 40 

TOOTHED GEARING. A Practical Hand-book for 
Offices and Workshops. By a Foreman Pattern- 
maker. 184 Illustrations. 12mo. cloth 2 25 

TBATMAN (E. E. BUSSELI.). Railway- Track and 
Track Work. With over two hundred illustrations. 
8vo, cloth 300 

TRETERT (EDWARD). How to Build Dynamo 
Electric Machinery, embracing Theory Designing 
and Construction of Dynamos and Motors. Wiih 
appendices on Field Magnet and Armature Winding, 
lumagement of Dynamos and Motors, and Useful 
Tables of WhreG.uges. Dlustrated. 8vo, cloth 2 60 

Electricity and its Recent Applications. A Prac- 
tical Treatise for Students and Amateurs, with an 
Illustrated Dictionary of Electrical Terms and 
Phrases. Illustrated. 12mo, cloth 2 00 

TUCKER (Dr. J. H.). A Manual of Sugar Analysis, 
including the Applications in Gteneral of Analytical 
Methods to the Sugar Industry. With an Introduc- 
tion on the (Chemistry of Cane Sugar. Dextrose, 
Levulose, and Milk Sugar. 8vo, cloth. Illustrated. 8 06 

TUMIilRZ (Dr. O.). Potential and its Application to 
the Explanation of Electric Phenomena, Popularly 
Treated. Translated from the Gterman by D. Robert- 
son. Illustrated. 12mo, cloth 126 

TUNNER (P. A.). Treatise on Roll-Turning for the 
Manufacture of Iron. Translated and adapted by 
John B. Pearse, of the Pennsylvania Steel Works, 
with numerous engravings, wood-cuts. 8vo, cloth, 
with folio atlas of plates 10 00 

URQUHART (J. W.). Electric light Fitting. Em- 
bodying Practical Notes on Installation Management. 
A Hand-book for Working Electrical Engineers^ 
with numerous illustrations. 12mo, cloth 2 00 

Electro-Plating. A Practical Hand-book on the 

Deposition of Copper, Silver, Nickel, Gold, Brass. 
Al um i n u m , Platinum, etc. Fourth edition. 12mo. . 2 00 
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UBQUHART, (J. W.). Dynamo Construc-tion : a 
Practical Hand book for the Use o£ Eugineer Con- 
structors and Electricians in Charge, embracing 
Frame Work Building, Finld Magnet and Armature 
Winding and Grouping, Compounding, etc., with 
Examples of Leading English, American and Con- 
tinental Dynamos and Motors, with numerous illus- 
rations. 12mo, cloth 8 00 

Electric Ship Lighting. A Hand-book on the 

Practical Fitting and Running of Ship's Electrical 
Plant. For the Use of Ship Owners and Builders, 
Marine Electricians and Sea Going Engineers-in- 
Charge. Numerous illustrations. 12mo, cloth 3 00 

UNIVfiRSAL TELEGRAPH CIPHER CODE. 
Arranged for General Correspondence. 12mo, cloth. 1 00 

VAN NOSTRAND'S ENGINEERING MAGA- 
ZINE. Complete sets, 1869 to 1886 Inclusive. 

Completesets, 35 vols., in cloth 60 00 

Ck>mplete sets, 35 vols., in half morocco 100 00 

VAN WAGENEN (T. F.). Manual of Hydraulic 
Mining. For the Use of the Prat-iical Miner. 
Beviaed and enlarged edition. 18mo, cloth 1 00 

WALKER (SIDNEY F.). Electric Lighting for 
Marine Engineers, or How to Light a Ship by the 
Electric Light and How to Keep the Apparatus in 
Order. 103 illustrations 8vo, cloth. Second edition. 2 00 

WALLIS-TAYLKR (A. J.). Modern Cycles. A 
Practical Hand-book on their Consfruction and 
Repair. Wiih 800 iliuatratioiis. 8vo, cloth 4 00 

■ Motor Cars, or Power Carriages for Common 
Roads. 8vo, cloth, with numerous illustrations. . 180 

Bearings and Lubrication. A Hand book for 

every user of Machinery. 8vo, cloth, fully illus- 
trated 150 

■ Refrigerating and Ice-Making Machinery. A 
Descriptive Treatise for the use of persons employ- 
ing refrigerating and ice-making installations and 
others. 8vo, cloth. Hlustrated 3 00 

^ Sugar Machinery. A Descriptive Treatise. Devoted 
to the Machinery and Apparatus used in the Manu- 
facture of Cane and Beet Sugars. 12mo, cloth. 
Dlustrated 2 OQ 
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WANKIiYN (J. A.). A Practical Treatise on the 
Examination of Milk and its Derivatives, Cream, 
Butter, and Cheese. 12mo, cloth 100 

Water Analysis. A Practical Treatise on the 

Examination of Potable Water. Tenth Edition. 
l5Jmo,cloth •. ...200 

WANSBROUGH (WM. D.). The A. B. C. of the 
Differential Calculus. 12mo, cloth 1 50 

WARD (J. H.). Steam for the Million. A Popular 
Trea'ise on Sream, and its application to the Useful 
Arts, especially to Navigation. 8vo, cloth 100 

WARING (G£0. E., Jr.). Sewerage and Land 
Draini^. Illustrated with wood-cuts in the text, 
and full-page and folding plates Quarto. Cloth. 
Thirdedition 6 00 

Modern Methods of Sewage Disposal for Towna 

PubUc Institutions and Isolated Houses. Second 
edition, revised and enlarged. 260 pages. Illus- 
trated. Cloth 2 00 

How to Drain a House. Practical Information 

for Householders. New and enlarged edition. 12mo, 
cloth 1 25 

WATSON (E. P.). Small Engines and BoOers. A 
Manual of Concise and Specific Directions for the 
Construction of Small Steam Engines and Boilers of 
Modem Types from five Horse-power down to model 
sizes. 12mo, cloth. Illustrated with Numerous Dia- 
grams and Half Tone Cuts. New York, 1899 1 25 

WATT (ALEXANDER). Electro-Deposition, A 
Practical Treatise on the Electrolysis of Gold, 
Silver, Copper, Nickel, and other Metals, with 
Descriptions of Voltaic Batteries, Magneto and 
Dynamo- Electric Machines, Thermopiles, and of the 
Materials and Processes used in eveiy Department 
of the Art, and several chapters on Electro-Metal- 
lurgy With numerous illustrations. Third edition, 
revised and corrected. Crown, 8vo, 668 pages . 3 50 

Electro-Metallurgy Practically Treated. Tenth 

edition, considerably enlarged. 12mo, cloth 100 

— The Art of Soap-Making. A Practical Hand-book 

of the Manufacture of Hard and Soft Soaps, ToUet 
Soaps, &c. Including many New Processes, and a 
Chapter on the Recovery of Glycerine from Waste 
Le^ s. With illustrations. Fourth edition, revised 
and enikrged. 8vo 8 00 
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WATT (ALEXANDER). The Art of Leather Manu- 
facture. Being a Practical Hand-bcok, in which 
the Operations of Tannine, Currying, and Leather 
Dressing are Fully Described, and the Principles of 
Tanning Explained, and many Recent Processes 
Introduced. With numerous illustrations. Second 
edition. 8vo, cloth 4 00 

WE ALE (JOHN). A Dictionary of Terms Used In 
Architecture, Building, Engineering, Mining, Metal- 
lurgy. Archaeology, the Fine Arts etc., with explana- 
tory observations connected with applied Science 
and Art. Fifth edition, revised and corrected. 12mo, 
cloth 260 

Weale's Rudimentary Scientific Series (Catalogue 

sent on application). 

WEBB (HERBERT LAWS). A Practical Guide to 
the Testing of Insulated Wires and Cables. Illus- 
trated. 12mo, cloth 1 00 

The Telephone Hand-book. 128 illustrations. 

146 pages. 16mo, cloth 1 00 

WEEKES (B. W.). The Design of Alternate Current 
Transformers. Illustrated. i:imo. cloth 1 00 

WEISBACH (JULIUS). A Manual of Theoretical 
Mechanics. Ninth American edition. Translated 
from the fourth augmented and improved (German 
edition, with an Introduction to the Calculus by 
Eckley B. Coxe, A. M., Mining Engineer. 1,100 pages, 

and 902 wood-cut illustrations. 8vo, cloth 6 00 

Sheep 7 60 

WESTON (EDMUND B.). Tables Showing Loss of 
Head Due to Friction of Water in Pipes. Second 
edition. 12mo, cloth 1 50 

WEYMOUTH (F. MARTEN). Drum Armatures 
and Commutators. (Theory and Practice.) A com- 

Elete Treatise on the Theory and Construction of 
»rum Winding, and of commutators for closed-coil 
armatures, together with a full resume of some of 
the principal points involved in their design, and an 
exposition of armature re-actions and sparking. 

8vo, cloth 8 00 

WEYRAUCH (J. J.). Strength «nd calculations of 
Dimensions of Iron and Steel Construction, with 
reference to the Latest Experiments. 12mo, cloth, 
plates 1 00 
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WHEELTBR (Prof. J. B.). Art of War. A Course 
of Instruction in the Elements of the Aro and 
Science of War« for the Use of the Cadets of the 
United States Military Academy, West Point, N. Y. 
12mo, cloth 175 

Field Fortifications. The Elements of Field Forti- 
fications, for the Use of the Cadets of the United 
States Mihtary Academy, West Point, N. Y. 12mo. 1 76 

WHIFPL,E (S., C. E.). An Elementary and Practical 
Treatise on Bridge Building. 8vo, cloth » 3 00 

WII.KINSON (H. D.). Submarine Cable-Laying. 
Repairing and Testmg. 8vo, cloth 4 00 

WILLIAMSON (K. S.). On the U.'e of the Barome- 
ter on Surveys and Beconnois^ances. Part I Mete- 
orology in its Connection with Hypsometry. Part n. 
Barometric Hypsometry. With illustrative tables 
and engravings, 4to, Cioth 15 00 

WILLIAMSON (E. S.). Practical Tables in Meteo- 
rology and Hpsometry, in connection with the use 
of the Barometer. 4to, cloth 2 50 

WILSON (GEO.). Inorganic Chemistry, with New 
Notation. Revised and enlarged by H. G. Madan. 
New edition. l2uio, cloth 3 00 

WOODBUKY (D. V.). Treatise on the Various Ele- 
m«;nts of Stabihty in the Well-Proportioned Arch. 
&V0, half morocco 4 00 

WRIGHT (T. W.). A Treatise on the Adjustment of 
Observations. With applications to Geodetic Work, 
and other Measures of Precision. 8vo, clotb 4 00 

Elements of Mechanics; including Kinematics, 

Kinetics and Statics. VV ith application. 8vo, cloth. . 2 60 

WYLIE (CLAUDE). Iron and Steel Founding. Illus- 
trated with 39 dingrarns. Second edition, revised 
and enlarged. 8vo, cloth... 2 00 

WYNKOOP (RICHARD). Vessels and Voyages, as 
Regulated by Federal Statutes and Treasury 
Instructions and Decisions. 8vo, cloth 2 00 

YOUNG (J. ELTON). Electrical Testmg for Tele- 
graph Engineers, with Appendices consisting of 
Tables. 8vo, cloth. Illustrated 4 00 

YOUNG SEAMAN'S MANUAL. Compiled from 
Various Authorities, and Illustrated with Numerous 
Original and Select Designs, for the Use of the 
United States Training Ships and the Marine 
Schools. 8vo, half roan 3 00 
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Ho. CO.-STRENGTH OP WROUGHT-IRON. BRIDGE MEM- 
BERS. By S. W. Robinson, C.E. 

Naei.—POTABLE WATER AND METHODS OF DETECT- 
ING IMPURITIES. By M. N. Baker. 

VUk 08.— THE THEORY OP THE GAS - ENGINE. By 
Doueald Clerk. Second edition. With additional 
u^atVet Edited by F. E. Idell, M.E. 

Ha «.— HOUSE DRAINAGE AND SANITARY PLUMB- 
ING. By W. P. Gerhard. Sixth edition. Re- 
vised. 

No. 64.— ELECTBO-MAGNETS. By A. N. Mansfield. 

Ho. 66.— POCKET LOGARITHMS TO FOUR PLAGES OF 
DECIMALS. 

Ho. 66.— DYNAMO-ELECTRIC MACHINERY. By S. P. 

Thompson. With notes by F. L. Pope. Third 

edition. 
Ho. 67,— HYDRAULIC TABLES BASED ON "KUTTER'S 

FORMULA." By P. J. Flynn. 
Ho. 68.— STEAM-HEATING. By Robert Briggs. Third 

edition, revised, with additions by A. R. Wolff. 
Ho. 6ft.— CHEMICAL PROBLEMS. By Prof. J. C. Foyo. 

Third edition, revised and enlarged. 
No. 70.-EXPLOSIVE MATERIALS John P. Wiaser, U. S. A. 

No. 71.— DYNAMIC ELECTRICITY. By John Hopkinson, 
J. N. Shoolbred, and R. E. Day. 

Ho. ?».- TOPOGRAPHICAL SURVEYING. By George J. 
Specht, Prof. A. S. Hardy, John B. McMaster, and 
H. F. Walling. 

Ho. 78.— SYMBOLIC ALGEBRA; OR, THE ALGEBRA OF 
ALGEBRAIC NUMBERS. By Prof. W. Cain. 

Ho. 74.— TESTING MACHINES : THEIR HISTORY, CON- 
STRUCTION, AND USE. By Arthur V. Abbott. 

Ha 75.— RECENT PROGRESS IN DYNAMO-ELECTRIC 
MACHINES. Being a Supplement to Dynamo- 
Electric Machinery. By Prof. Sylvanus P. 
Thompson. 

Ho. 76.— MODERN REPRODUCTIVE GRAPHIC PRO- 
CESSES. By Lieut. James S. Pettit. U.S.A. 

Ha 77.— STADIA SURVEYING. The Theory of Stadia 
Measurements. By Arthur Winslow. 

Ho. 7a— THE STEAM-ENGINE INDICATOR, AND ITS 
USE. ByW. B. LeVan. 

H^ 79.— THE FIGURE OP THE EARTH. By Prank a 
Roberts, C.E. 

Hft. 6lk-HBALTHV FOUNDATIONS FOR HOUSES. B^ 
Glenn Brown. 
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8L -WATER METERS: COMPARATIVE TESTS OF 
AOOURACY, DELIVERY, ETC. Distinctive 
fleatures of the Worthington, Kennedy, Siemens, 
and Hesse meters. By Ross E. Browne. 

82— THE PRESERVATION OP TIMBER BY THE USE 
OF ANTISEPTICS. By Samuel Bagster Bonl- 
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-MECHANICAL INTEGRATORS. By, ProJL Henry 

S. H. SHAW, q. E. 
FLOW OF WATER IN OPEN CHANNELS, PIPES, 

CONDUITS, SEWERS, ETC. With Tables. By 

P. J. Flynn, C. E. 
-THE LUMINIFEROUS JETHER. By Prot de 

Volson Wood. 
-HAND-BOOK OF MINERALOGY: DETERMINA- 
TION AND DESCRIPTION OF MINERALS 

FOUND IN THE UNITED STATES. By Prot 

J. C. Foye. Fourth edition, revised. 
TREATISE ON THE THEORY OF THE CON. 

STRUOTION OF HELICOIDAL OBLIQUE 

ARCHES. By John L. CuUey, C. E. 
-BEAMS AND GIRDERS. Practical Formulas for 

their Resistance. By P. H. Philbriok. 
-MODERN GUN COTTON: ITS MANUFACTURE, 

PROPERTIES, AND ANALYSIS. By Lieut. 

John P. Wisser, U. S. A. 
—ROTARY MOTION AS APPLIED TO THE GYRO- 

SCOPE. By Gen. J. G. Barnard. 
— LEVELING r BAROMETRIC TRIGONOMETRIC 

AND SPIRIT. By Prof. L O. Baker. 
—PETROLEUM: ITS PRODUCTION AND USE. By 

Boverton Redwood, F. I. C.^ F. C. S. 
-RECENT PRACTICE IN THE SANITARY DRAINAGE 

OF BUILDINGS. With Memoranda on the Cost of 

Plumbing Work. Second edition, revised. By 

William Paul Gerhard, C. E. 
-THE TREATMENT OF SEWAGE. By Dr. C. Mey- 

mott T dy. 
PLATE GIRDER CONSTRUCTION. By Isami HIroi, 

C. E. 2d edition, revised and enlarged. 
-ALTERNATE CURRENT MACHINERY. By Gift- 

bert Kapp, Assoc. M. Inst., C. E. 
THE DISPOSAL OF HOUSEHOLD WASTES. By 

W. Paul Gerhai'd, Sanitary Engineer. 
PRACTICAL DYNAMO BUILDING FOR AMATEURS. 

HOW TO WIND FOR ANY OUTPUT. By Frederick 

Walker. Fully illustrated. 
•TRIPLE - EXPANSION ENGINES AND ENGINE 

TRIALS. By Prof. Osborne Reyuolda Edited, 

with notes, etc., by F. E. Ideil, M. E. 
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Na 100.-HaW TO BECOME AN ENGIN]Ie£L, or the The6i 
retical and Practical Training necessary in fitting 
for the duties of the Civil Engineer. By ProC 
Geo. W. Plympton. 

No. 101.— THE SEXTANT, and other Reflecting Mathematl^ 
cal Instrument B. With Practical Hints for theii 
adjustment and use. By F. R. Brainard, U. 8^ 
Navy. 

No. 102.— THE GALVANIC CIRCUIT INVESTIGATED 
MATHEMATICALLY. By Dr. G. S. Ohm, Ber- 
lin. 1827. Translated by William Francis. With 
Preface and Notes by the Editor, Thomas D. 
Lockwood, M.I.E.E. 

No. 103.— THE MICROSCOPICAL EXAMINATION OF 
POTABLE WATER. Wit:i Diagrams. By Geo 
W. Rafter. 

No. 104.— VAN NOSTRAND'S TABLE BOOK FOR CIVIL 
AND MECHANICAL ENGINEERS. Compiled 
by Prof. Geo. W. Plympton. 

No. 105.— DETERMINANTS. An Introduction to the Study 
of, with Examples and Applications. By Prof. 
G. A. Miller. «-»- j 

No. 106.— COMPRESSED AIR. Experiments upon the 
Transmission of Power by Compressed Air in 
Paris. (Popp's System.) By Rx)f. A. B. W. 
Kennedy. The Transmission and Distribution of 
Power from Central Stations by Compressed Air. 
By Prof. W. C. Unwin. 

No. 107.-A GRAPHICAL METHOD FOR SWING-BRIDGES. 
A Rational and Easy Graphical Analysis of the 
Stresses in Ordinary Swing-Bridges. With an 
Introduction on the GeneraJ Theory of Graphical 
Statics. By Benjamin F. La Rue. 4 Plates. 

No. 108.— SLIDE VALVE DIAGRAMS. A French Method 
for Constructing Slide Valve Diagrams. By Lloya 
Bankson, B.S., Assistant Naval Constructor, U. 
S. Navy. 8 Folding Plates. 

No. 109.— THE MEASUREMENT OF ELECTRIC CUR 
RENTS. Electrical Measuring Instruments. By 
James Svvlnbume. Meters for Electrical Enei tnr 
By C. H. Wordingham. Edited, with Preface," 
by T. Commerford Martin. Folding Plate and 
numerous illustrations. 

No. 110.— TRANSITION CURVES. A Field-Book for Enpin- 
eers, containing Rules and Tables for Laying 
out Transition Curves. By Walter G. Fox, C.E. 

No. 111.— GAS-LIGHTING AND GAS-FITTING. Specifica- 
tions and Rules for Gas-Piping. Notes on the 
advantages of Gas for Cooking and Heating, and 
Useful Hints to Gas Consumers. Second edition, 
rewritten and enlarged. By Wm. Paul Qerharo* 
C. E. 

N». 112.— A PREMER ON THE CALCULUS. By B. Sherman 
Gould, M. Am. Soc. C. E. 
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